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ABSTRACT 
The Effect ofButtennilk Fraction Concentrates on Growth and Iron Uptake and 
Transport by Caco-2 Cell Cultures 
by 
Yoo-Hyun Lee, Master of Science 
Utah State University, 2000 
Major Professor: Dr. Deloy G. Hendricks 
Department: Nutrition and Food Sciences 
lll 
To examine the effect ofbuttermilk fractions on growth, iron transport, and uptake, 
Caco-2 cells (human colon adenocarcinoma) were grown in a bicameral chamber. The 
Caco-2 cell culture system is a useful model to study micronutrient utilization in the 
human enterocyte, because Caco-2 cells continuously differentiate and form a monolayer, 
which has high polarity, a well-developed brush border, and a tight junction. 
Iron bioavailabilty in various milks is very different depending upon milk 
composition. The fat fraction especially is known to be associated with iron absorption, 
because the fat fraction has milk fat globule membrane (MFGM), which contains 
bioactive molecules such as sphingolipids. 
Composition of buttermilk that was concentrated by 10 K molecular sieving (MS) 
or by bacterial fermentation (Lactococcus /atis PN-l) was reduced in lactose 
concentration and increased in protein concentration. Percent fat in MS buttermilk was 
concentrated to two times higher than in the original buttermilk (P < 0.05). Growth of 
IV 
Caco-2 cells with molecular sieved (MS) or fermented (FM) buttermilk in the growth 
medium was not significantly different. Transport and uptake of 59Fe was perfonned 
with/without cold iron (1 mmoVL) by iron-depleted or iron-repleted cells. Molecular 
sieved or fermented buttermilk and ganglioside or sphingomyelin standards with 
dimethyl sulfoxide (DMSO) were added to the Hank's balance salt solution (HBSS) in the 
apical chamber. With cold iron, addition of MS and FM buttermilk (1 , 2, or 3 percent) 
increased 5~e transport across iron-repleted cells (P < 0.01). Without cold iron, 
ganglioside depressed 59Fe transport (P < 0.01). Uptake of 59Fe was not significantly 
affected by buttermilk concentrates; however, more effective uptake was shown across 
iron-depleted cells. It is not clear from these studies that buttermilk fractions or their 
components influence iron uptake or transport by Caco-2 cell cultures. 
(108 pages) 
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INTRODUCTION 
Over the past 15 years, evidence has accumulated showing that foods provide 
more than just nutrients in a diet. Phytochemicals, neutraceuticals , and functional foods 
are terms that support the philosophy that foods can promote health as well as provide 
nutritional value. This philosophy is gaining acceptance among the consuming public. 
Among the scientific community there is mounting research that links food intake to 
disease prevention and treatment (ADA Reports 1995). 
Most research on "neutraceuticals" has focused on plant foods and plant food 
components, referred to as phytochemicals. However, during the past few years, 
research with cell culture models and, in some cases, with in vivo models has shown 
that compounds occurring in milk and meat have significant beneficial health effects. 
In fact, it can be shown that low molecular weight compounds in milk have their 
greatest effects when nutrient availability is low, growth is rapid, or when the individual 
is exposed to carcinogens or to viral or bacterial challenges. 
Human milk has a higher concentration of most bioactive compounds that have 
been studied than mature bovine milk (Shimizu et al. 1981 , Janas and Picciano 1982, 
Zeisel et al. 1986). Sphingolipids exhibit bioactivity serving as lipid second messengers. 
Sphingolipids are digested throughout the gastrointestinal (GI) tract to cerimide and 
sphingosine. Sphingosine inhibits Na + I K + A TPase (Dillehay et al. 1994, Schmelz et 
al. 1994). Sphingolipids may play a role in absorption of nutrients that have an energy 
requirement for metabolism. Among humans , iron deficiency anemia is the most 
2 
common nutritional deficiency observed. Iron absorption from human milk is muc h 
higher than bovine milk Furthermore, human has a Concentration of sphingolipids 
than bovine milk. If it can be documented that sphingolipids can enhanc e the iro n 
absorption, it would help to prevent iron deficiency by finding a v. ay fo r ahsorpt i()n 
from foods. Thus, lower levels of iron supplementation from a more available sou rce ,)j" 
dietary iron may reduce the risk of coronary heart disease and cancer that ma' be 
induced by a high iron intake. 
) 
LITERATURE REVIEW 
Iron 
Iron (Fe) is one of the most abundant minerals in the earth . .Although th<.' 
nutritional significance of Fe has been known since early Egypt, iron deficiency is still a 
worldwide problem (Yip and Dallman 1996) . In NHANES ( 1988-1994 ). 9% of 
toddlers (age 1-2), and 11 % of adolescent girls and women of childbearing age in the 
United States were iron deficient (Looker et a!. 1997). The prevalence of iron 
deficiency in other parts of the world is even more serious, with nearly 15% of the 
world population exhibiting iron deficiency anemia, and iron deficiency is as high as 
50% in certain populations (Beard et al. 1996). 
Other than through blood loss , body loss of iron is very small (White 1980). 
When the usual loss of iron from the body is considered, iron balance can be determined 
by utilization of iron from the food source. Iron exists in two ionic states in a diet : 
ferrous(Fe2+) and ferric (Fe3+). Ferrous ions are absorbed from the gastrointestinal tract, 
while ferric ions are reduced in the gastric juice prior to absorption (Berdanier 1995). 
Practical absorption of iron is determined by iron bioavailability. Iron bioavailability 
depends on the content of heme and nonheme iron, dietary factors , and other 
physiological factors (Benito and Miller 1998). 
Heme and nonheme iron are two major forms of iron in a diet. Heme iron is 
present in meat, fish, and poultry, whereas all iron in plant sources is nonheme iron. 
About 60% of iron from animal sources is also nonheme iron (Bothwell 1995. Benito 
and Miller 1998). Heme iron is more effectively absorbed than nonhemc iron; from a 
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single meal, 5 to 35% of heme iron is absorbed while only 2 to 20% of nonheme iron is 
absorbed. Heme iron binds to a specific receptor/transporter and is then absorbed. 
After entering the cell , the heme molecule is degraded , freeing the iron. Nonheme iron 
needs an iron-binding protein in the first step of iron absorption . After binding the iron-
binding protein, specific transporters on the luminal surface of enterocyte transport iron 
into the enterocyte . Similar to heme iron , nonheme iron is then transferred to 
transferrin-like protein or low molecular weight chelates . Finally . both heme and 
nonheme irons are delivered to ferritin or oxidized for binding to transferrin 1 B..: Md \.: t 
al. 1996). 
Dietary factors are important in influencing iron bioavailability of nonheme iron. 
For example, ascorbic acid, meat, and lactoferrin enhance iron absorption . But phytate. 
calcium, and soy-products act as inhibitors (Gillooly et a l. 1984. Both v\cll 199~ . ~m,! 
Benito, Miller 1998). Other physiological factors such as iron status and gas tri c 
secretions can also influence iron utilization (Benito and Miller 1998). 
Milk is generally considered to be a poor source of iron. The amount of iron in 
milk, however, varies by stage of lactation and among species . Generally. iron 
concentration in colostrum is 3-5 times as high as in mature milk . Among milk sampks 
from various species, the amount of iron is very different. Table 1 shows differences in 
iron level and milk composition among various species . Although iron levels are 
similar in human, goat, and bovine milk, the iron bioavailabilities are significantly 
different. In fact, breast milk and bovine milk are equally poor in the concentration or 
iron, but iron bioavailabilities between them are quite different (Hurley and Lonnerda l 
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TABLE 1 
Milk components of various species (Hurley and Lonnerdal 1988) 
Cone. of Fe Milk composition(%, w/w) 
Species (Jlg/ml) Water Fat Casein Whey Lactose Ash 
Human 0.2-0.4 87.1 4.5 0.4 0.5 7.1 0.2 
Cow 0.1-0.2 87.3 3.9 2.6 0.6 4.6 o ~ 7 
Goat 0.3-0.5 86.7 4.5 2.6 0.6 4.3 0.8 
Sheep 0.2-0.5 82.0 7.2 3.9 0.7 4.8 0.9 
Horse 0.3-1.0 88.8 1.9 1.3 1.2 6.2 0.5 
1988). While 49% of iron is absorbed from breast milk, only 10% of iron in bovine 
milk is absorbed by humans (Saarinen et al. 1977). Park et al. ( 1986) showed that 
although the iron content of goat milk is lower than the iron content of bovine milk in 
his experiment, the bioavailability of iron from the goat milk is twice as high as iron 
from bovine milk. Other data show iron content of goat milk is higher than that of 
bovine milk (Table 1). In Table 1, higher fat content in human and goat milk is higher 
than that in bovine milk. The fat fraction has been shown to have a very significant 
influence on iron absorption (Franssen et al. 1980, Franssen and Lonnerdal 1983 ). 
Milk Fat Globule Membrane 
Almost all of the lipid in milk forms small globules (0.1-20 1-1m diameter size) . 
The stability of this fat phase depends on milk fat globule membrane (MFGM), which is 
composed of polar and neutral lipids, trace elements, enzymes, proteins, and 
glycoproteins (Anderson and Cawston 1975). Almost all iron in bovine milk is 
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associated with membrane. Approximately 64-69% of milk iron is associated with outer 
membrane, 25% with inner membrane, and only 5-l 0% with thetriacylglycerol co re 
(Fransson and Lonnerdal 1984 ). 
Over 95 % of fat in milk exist as triacylglycerol. Surface coat matc: n al::; ullipiJ 
droplets are composed of cholesterol and five phospholipid classes : sphingomyelin. and 
phosphoglycerides of choline, ethanolamine, inositol , and serine . Lipid droplets also 
contain glycolipids like monohexosyl, dihexosyl-ceramides, and gangliosides. In human 
and bovine milk, the amount of glycosphingolipids is 13 !J.glmg and 3 8 !J.g/mg protein, 
respectively. In human milk, phospholipid, like sphingomyelin , is in higher 
concentration than in bovine milk (Jensen 1995). Lipids like ceramide, ganglioside, and 
sphingomyelin are classified as sphingolipids. 
Sphingolipid 
Sphingolipids are defined as compounds containing a long chain (sphingoid) base 
as the backbone (Merrill et al. 1995). Since reported by Thuchicum in 1884 (Merrill et 
al. 1997), they are found to be very ubiquitous constituents of membranes of animals, 
plants, fungi, yeast, some prokaryotic organisms, and viruses (Merrill et al. 1996). Foods 
of animal origin contain significant amount of sphingomyelin and glycosphingolipids 
(Merrill et al. 1997). Typical ranges of sphingomyelin found in several foods are 350-
390 nmollg in pork and beef, 530 nmol/g in chicken, and 1 !J.mol/g in milk (Blank et al. 
1992, Merrill et al. 1997). Structures and names of basic sphingolipids are shown in 
Table 2 (Gunstone 1996). 
TABLE2 
The structure of basic sphingolipids (Gunstone, 1996) 
Name 
Sphingenine 
Cerami des 
Cerebrosides 
Gangliosides 
Sphingomyelin 
RCH=CHCH(OH)CHClhOR2 
I 
NHR.l 
H 
COR' 
COR' 
COR' 
COR' 
Sphingolipid Functions as a Biomolecule 
H 
H 
glu or gal 
glu-gal-sialic acid 
POJCH2ClliNMe3 
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Although sphingolipids have been implicated in diseases such as Tay-sachs, 
Fabry, Gaucher, Farber, Niemann-pick, and Krabbe (Gunstone 1996, Raloff 1997), recent 
attention has shifted towards the potential bioactive functions of sphingolipids. 
Sphingolipids are both structural and functional lipids (Table 2). They are known 
to be highly bioactive compounds involved in cell growth, cell differentiation, apoptosis 
and other diverse cell functions (Merrill et al. 1997). The function of the sphingoid 
backbone as a second messenger has been reviewed many times (Hannun and Bell 1989, 
Merrill 1991, Hannun 1994, Merrill and Bweeley 1996, Goush et al. 1997). During the 
digestion of dietary spbingolipids, they are degraded to bioactive compounds through the 
GI tract, and function as second messengers in cancer prevention by increasing 
intracellular calcium (Schmelz et al. 1994, Merrill et al. 1997). 
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Sphingolipids and Iron Absorption 
Mechanisms that may explain the effects of sphingolipids on iron absorption will 
now be explained. 
It is well established that the fat portion of milk is significantly associated with iron 
absorption. The active fat fraction involved with iron absorption is not triacylglycerol but 
bilayer membrane organized by MFGM (Fransson and Lonnerdal 1983). Sphingolipids in 
milk exist usually in the MFGM as glycosphingolipids such as gangliosides, and 
phospholipids such as sphingomyelin. The glycosphingolipid structure defined as a 
sphingolipid backbone, a long chain fatty acid, and a sugar is similar to glycoprotein 
struCture. Some glycoproteins such as lactoferrin, transferrin, and ferritin are known to be 
iron-chelating proteins. 
Since Hakomori (1986) suggested that glycosphingolipids might modulate the 
functions of protein that reside in the plasma membrane, the second messenger function 
of the sphingolipid backbone has been reviewed many times. Although sphingolipids 
may not assist in iron absorption directly, they may modulate some proteins such as 
ferritin, or transferrin, and indirectly improve iron absOrption. 
Sphingolipids are digested throughout the GI tract to ceramide and sphingosine, 
which are highly bioactive compounds (Schmelz et al. 1994). The sphingosine backbone 
inhibits Na+/K + ATPase. This role may make more effective absorption of nutrients like 
iron that require an energy metabolism step for their uptake. Iron release from transferrin 
is energy dependent. Iron is released from transferrin after entering the cell by receptor-
mediated endocytosis. The iron is then apparently released from transferrin by a pH shift 
9 
within the receptosome and transferrin is returned to the cell surface after releasing iron 
(Benito and Miller 1998). 
Buttermilk 
Buttermilk, a by-product of butter manufacture , is the liquid that remains after the 
triacylglycerols are removed from milk or cream by the process of churning butter 
(Lambert 1947). Buttermilk contains a relatively higher concentration of phospholipids of 
MFGM origin. MFGM was isolated from combined buttermilk and butter serum for the 
first time (Brunner 1974, Speer 1995). When comparing whole milk and buttermilk 
(Appendix A), fat content in buttermilk is lower than that in whole milk. However. the 
proportion of phospholipids to total fat content in buttermilk is higher (0.07-0 13 
phospholipids to 0.4-0 .6 total fat (w/w)) than that in whole milk (0.035 phospholipids to 
4 total fat (w/w) in fresh milk) (Walstra and Jenness 1984). Therefore, the use of 
buttermilk facilitates obtaining sphingolipids from relatively higher MFGM. The removal 
of lactose and moisture from the buttermilk provides more concentrated buttermilk 
fraction containing sphingolipids and also avoids the metabolic effects of lactose. 
Cell Culture 
To study mechanisms of metal absorption in nutritional research , animal models 
like intact rat or isolated gut sacs have been used. But these models do not clearh shu" a 
uptake mechanism in interactions between epithelial cells , because both sy stem s are 
multiple cell types (Alvarez-Hernandez et al. 1994b) . It is also difficult to select 
appropriate animal models having mechanisms analogous to those in the huma n 
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Recently, · cultured cell lines have been used to study intestinal differentiation and 
functions. Especially, cell cultures from human cell lines are more effective and clear 
than animal models to study mechanisms in humans (Thomson and Wild 1995). 
The Caco-2 cell line grown in a bicameral chamber is an useful model for metal 
studies, especially iron (Sanchez et al. 1996). The Caco-2 cell line is derived from a 
human colon carcinoma. The enterocyte in the small intestine is a highly specialized, 
polarized, and absorptive cell to control uptake and transport of dietary iron. The ideal 
model for iron study would show each step of nonheme iron delivery from the intestinal 
lumen to the blood: 1) iron uptake by enterocyte, 2) intraenterocyte transport, and 3) iron 
storage and transfer to the extraenterocyte (Gangloff et al. 1996a, Beard et al. 1996). The 
Caco-2 cells continuously differentiate and form highly polarized cells with well-
developed brush border microvilli. They have been used to study vectorial transport of 
iron and other nutrients (Pinto et al. 1983, Han et al. 1994, Alvarez-Hernandez et al. 
1991). Garcia et al. (1996) showed the Caco-2 cell line is a useful model to study food 
iron availability, because these cells handle iron similar to the human intestinal tract. 
Several researchers have demonstrated that Caco-2 cells grown in serum-free or low iron 
media respond to iron absorption readily. This is similar to a whole animal model. 
However, the Caco-2 cell line cannot be completely identical with the enterocyte of 
the intact small intestinal tract. The uptake and transport by cell culture does not exactly 
replicate the normal small intestine. Furthermore, the Caco-2 cell line is derived from a 
human colon carcinoma, and its character is more similar to the colon than to the adult 
small intestine (Thomson and Wild 1995). But cell culture techniques are being improved 
to be used in many uptake and transport studies of nutrients and drugs. 
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OBJECTIVES 
1. Concentrate buttermilk fractions containing sphingolipids by molecular sieving and 
bacterial fermentation. 
2. Analyze buttermilk fractions by proximate and chemical methods. 
3. Test biological functions (growth and iron uptake and iron transport) by Caco-2 
cell culture. 
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HYPOTHESES 
Based on previous objectives, three hypotheses of this study were: 
Hypothesis 1 : Iron absorption in milk should be associated with MFGM containing 
bioactive compound such as sphingolipids. 
Hypothesis 2: Concentrated buttermilk fraction by molecular sieving or bacterial 
fermentation would contain higher concentration ofMFGM than normal milk. 
Hypothesis 3: Concentrated buttermilk fractions containing MFGM have an effect 
on cell growth and iron transport and iron uptake using the Caco-2 cell culture model. 
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MATERIALS AND METHODS 
Buttermilk Fraction Concentration 
Ultafiltration is often used for fractionation of dairy products (Geilman et al. 1992). 
By using a 10 K molecular pore size membrane, compounds below 10 K, including lactose 
is cut off while larger compounds including membrane bound sphingolipids are 
concentrated. MFGM containing sphingolipids are reported to be in the size range of IlK 
to 240 K (Anderson and Cawston 1975). 
Fermentation is the metabolic breakdown of sugars and other compounds by 
microorganisms. Lactococcus latis PN-1 is a transductant of strain Lactococcus latis 
LM2301 . This strain is able to ferment lactose (Lac+). This organism derives glucose from 
lactose, and also metabolizes the galactose moiety. After fermentation, neither glucose nor 
galactose is left (Caldwell et al. 1996). 
Concentrated (3 x) and non concentrated buttermilks were obtained from West Point 
Dairy (Logan, UT). 
Molecular Sieving 
Prior to ultrafiltration, buttermilk (3 x or non concentrated) was diluted (1: 1, v/v) 
with deionized water. The diluted buttermilk was then passed through a Prep/Scale-TFF 
2.5 ft2 cartridge (Millipore Corporation, Bedford, MA.). This cartridge had a molecular 
weight cutoff of 10 K. Therefore, compounds from buttermilk over 10 K were collected 
in the retentate while lactose and other low molecular weight compounds including 
nonbound minerals were collected in the permeate. Water was continuously 
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added at every half volume reduction until the permeate was clear. The buttermilk fraction 
over 1 0 K was then freeze-dried and stored at -80 °C until used for analysis or biological 
testing. 
Fermentation 
Around 1 h before inoculation, non concentrated buttermilk was pre-warmed to 
37°C. Lactococcus latis PN-1 (approximately 1X107 cells/ml of media) from Dr. 
Broadbent' s laboratory (Nutrition and Food Sciences, Utah State University) was 
inoculated into the warmed buttermilk. The buttermilk was then incubated at 37°C. 
Acidity was titrated with 10 N ammonium hydroxide every 3 to 4 h back up to pH 5.8-6.6. 
When the pH did not drop below 6.6 for 4 h, bacterial metabolism of lactose was 
considered complete. 
Proximate Analysis 
The proximate composition of the buttermilk concentrate preparations was 
determined by the oven drying method for moisture, the Kjeldahl method for crude 
protein, the Mojonner method for crude fat, and dry ashing for total mineral. 
Moisture was determined by oven drying method. After heating the sample under the 
specific conditions for 24 h, moisture was calculated from sample weight loss (Bradley 
1994). 
The Kjeldahl method was performed to determine crude protein. Since it was 
developed by J. Kjeldahl in 1883, this method has been modified many times. In this 
Kjeldahl method, protein and organic compounds are digested with concentrated sulfuric 
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acid, and titrated with standardized hydrochloric acid after neutralization by alkali. Crude 
protein value is obtained from this titration value and a conversion factor, which is based 
on the percent nitrogen in protein. For milk and dairy product, the conversion factor is 
6.38 based on 15.7% N (Chang 1994) in dairy protein. 
The Mojonnier test, a discontinuous solvent extraction method, was used to assay 
for fat. Fat in the sample is extracted by various solvents including ethyl ether and 
petroleum ether, and then percent fat is calculated from the dry weight of the fat extract 
(Min and Steenson 1994). 
Mineral was determined by dry ashing thorough the complete oxidation of all 
organic matter at a high temperature (Harbers 1994). 
Moisture (Oven Drying Method) 
Around 3 ml (or 0.5-1 mg for buttermilk powder) buttermilk sample was weighed 
accurately and placed in a vacuum oven at 60 °C. From 16 h, samples were weighed every 
4 h until the weight remained constant. When weight was constant, the samples were 
taken out and cooled down in a desiccator and reweighed. Percent moisture in sample was 
calculated as follows: 
Wa =weight of dry sample and dish, Wb =weight of wet sample and dish, We= weight of 
dish (AOAC 1995). 
Protein Analysis (Kjeldahl Method) 
Previously weighed buttermilk samples (about 0.1 g for powder samples, 1 ml for 
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liquid samples) were digested with 10 ml concentrated H2S04 at 400 oc for 4 h until the 
digestate was clear. The digested sample was cooled and 50 ml of H20 was added to each 
sample. The diluted sample was neutralized with 50% NaOH (w/v), and distilled into 50 
ml of 2 % HzB03 (w/v) containing 2-3 drops of Tashiro's indicator (Labconco Rapid 
Kjeldahl Distillator, Kansas city, MO). Distillate was collected until the color of H2B03 
turned green and the volume approached 75 mi. The distillate was titrated with 
standardized HCl (0.049 N). Percent crude protein was calculated as follows: 
%Crude protein= {(N x Va x 14 x 6.38) I Wa} x 100 
N; normality ofHCl, Va =corrected acid volume with blank, Wa= weight of sample, 14 = 
milliequivalent weight of nitrogen, 6.38 = protein factor for milk (AOAC 1995). 
Lipid Analysis (Mojonnier Method) 
Freeze-dried, molecular sieved (MS) buttermilk and fermented (FM) buttermilk were 
rehydrated with deionized water (1: 10, w/v). The diluted buttermilk sample was shaken 
well and warmed up to 38 °C. Around 10 ml of the diluted sample was accurately 
measured and placed into a mojonnier flask. Ammonia (1.5 ml) was added to each flask 
and mixed vigorously. After adding phenolphthalein (2-3 drops), 10 ml of95% alcohol, 25 
ml ethyl ether, and 25 ml petroleum ether were added and mixed thoroughly for 20 s each. 
The extracted buttermilk sample was centrifuged for 30 turns at 600 rpm using the 
mojonnier centrifuge. The ether layer for each sample was then gently poured off into a 
previously weighed mojonnier fat dish. A second extraction was performed with 5 ml 
alcohol, 15 ml ether, and 15 ml petroleum ether. After each addition, the sample was 
mixed vigorously for 20 s. After centrifuging, distilled water was added to facilitate 
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separation of the aqueous and lipid phase in the narrow neck of the flask. The ether layer 
was decanted into the fat dish after centrifuge. Collected ether layers were evaporated for 
18 h in a fume hood and weighed. Percent fat was calculated as follows: 
Wa =weight of dish and fat, Wb =weight of dish, We= weight of dish and reagent residue 
from blank (AOAC 1995). 
Ash Analysis (Dry Ashing) 
Around 0.5 g of buttermilk powder was weighed accurately into a dry previously 
weighed crucible. Liquid buttermilk (around 5 ml) was dried prior to ashing. Samples 
were ashed for 72 h at 500 °C in a muffle furnace. When the buttermilk samples were 
completely ashed, samples were cooled in a desiccator, and reweighed accurately. Percent 
ash was calculated as follows: 
W a = weight of ashed sample and crucible, W b = weight of crucible, W c = weight of wet 
sample (AOAC 1995). 
Carbohydrate Analysis 
Percent carbohydrate was obtained by differences: 
% Carbohydrate = 100 - (% moisture + % protein + % fat + % ash) 
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Other Chemical Analyses 
Lactose 
The freeze-dried buttermilk fraction was analyzed by high perfomnance liquid 
chromatography (HPLC; Beckman, Palo Alto, CA) for residual lactose. 
As HPLC standards, 0 .1 mg/ml samples of lactose, glucose, and galactose were 
prepared. A small aliquot of FM buttermilk was taken before freeze-drying to be analyzed 
for lactose by HPLC using a refractive index (Rl) detector. The RI detector measures the 
ability of sample molecules to bend or refract light. RI is a universal detector. Casein 
precipitation was performed to lower pH under 4.8 with IN HCl, and noncasein nitrogen 
was also taken out with TCA (5% TCA, v/w, centrifuge 15 min at 5 rpm) before HPLC 
analysis. Then, FM buttermilk was filtered through a 0.45-f..l.m filter (sterile, pyrogen-free, 
Nalgene) and a Maxi-clean solid phase extraction filter (C18 600 mg, Alltech) after 1: 10 
dilution (v/v). 
Freeze-dried buttermilk fractions derived from molecular sieving were suspended in 
deionized water to make 1% buttermilk solution (w/v). One percent buttermilk solution 
was fihered through a Maxi-clean solid phase extraction filter (C1s 600 mg, Alltech). 
Ten microliters of each standard and filtered buttermilk fraction were injected for 
carbohydrate fractionation (column=BC-100 Ca++, Alltech, attenuate=4 or 8, flow 
rate=0.4). For lactose concentration calculations: 
Sample areal X f..l.g/1 0 f..l.g = standard area/standard concentration 
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S phingolipids 
To identify and estimate the amount of sphingolipids in buttermilk, two assays 
were used: thin layer chromatography (TLC) and resorcinol assay. 
One-dimensional TLC is one of the most popular techniques in lipid research 
because of ease to use, high resolving power, and low cost (Touchstone and Dobbins 
1983, Wang and Gustafson 1992). Glycolipids, phospholipids, ganglioside, and neutral 
glycosphingolipids were separated on silica gel. After developing and dying, unique Rf 
values indicate identification of the separated compounds. Furthermore, quantitation of 
separated compounds is also possible (Eberlein and Gerckin 1975, Robert and Rebel 1975, 
Wang and Gustafson 1992). 
The quantitative estimation of sialic acid has developed several times with resorcinol 
is another way to estimate gangliosides in milk (Svennerholm 1957, Jourdian et al. 1971). 
Throughout periodate oxidation step, the sample was heated with the resorcinol reagent. 
Sialic acid, glycosides were determined without acid hydrolysis. Chromogens of 
glycosides are stable at 37 °C during the peroxidation step, whereas chromogens of free 
sialic acid are not stable at this temperature, but stable at 0 °C. The resorcinol method 
could detect free and glycosidically bound sialic acid. This value thus represents total 
ganglioside values. (Jourdian et al.1971). 
Thin Layer Chromatography 
Around 1 g of buttennilk powder from both MS and FM buttennilk samples was 
weighed accurately. Buttennilk powders were mixed with 10 ml water and 5 ml alcohol. 
Those buttermilk mixtures were then freeze dried after 10 min of sonication. Freeze dried 
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samples were dissolved in I 00 Jtl of same ratio of water and alcohol, and then spotted on 
the TLC plate (Silica gel 60F254, EM Science, Gibbtown, NJ) by 10 Jtl. This spot was 
developed by chloroform: methanol: formic acid: water (56: 30: 4: 2, v/v) solvent mixture. 
After the TLC plate was dried, spots were identified by iodine staining. Rf value was 
calculated and compared with reference. Sphingomyelin was spotted as a reference under 
the same condition. 
Rf value = the ratio of the distance traveled by a compound to that by solvent 
(Stenesh 1989). 
Resorcinol Assay 
Reagents: 
a) 0. 04 M periodic acid 
b) Resorcinol solution containing 0.6 g of resorcinol, 60 ml of28% HCl, 40 ml of water, 
and 25 Jtmoles of CuS04. 
c) 95% tert-butyl alcohol 
Buttermilk was diluted up to 1% (w/v for buttermilk powder, v/v for liquid 
buttermilk). N-acetylneuramic acid was used as standards. Standard concentration was 1 
to 5 J.tmole. One tenth m1 of 0. 04 M periodic acid solution was added to each tube 
containing 0. 5 ml of sample. After mixing thoroughly, tubes were kept in an ice bath for 
20 min. Resorcinol reagent (1.25 ml) was added, and tubes were mixed thoroughly and 
kept in the ice bath for an additional 5 min. After being placed in a heat block at 100 oc 
for 15 min, samples were cooled in tap water. Tubes were shaken vigorously to avoid 
phase separation after the 1.25 ml tert-butyl alcohol. Samples were incubated at 3 7 °C for 
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3 min to develop a stable color, then cooled to room temperature. Sialic acid was detected 
at 630 nrn (Jourdian et al. 1971). Data was tested by a one-sample t-test. 
Caco-2 Cell Culture 
Cell Culture 
The Caco-2 cell line is a human colon carcinoma cell line which has enterocyte-like 
differentiation, polarization in culture (Glahn et al. 1996). Caco-2 human colonic cells 
were obtained from American Cell Culture Collection (ATCC, Rockville, MD) at passage 
17. Caco-2 cell was maintained in high glucose Dulbecco's modified eagle's medium 
(DMEM) (Hyclone, Logan, UT) containing 10% (v/v) fetal bovine serum (FBS), 1% 
nonessential amino acid (Hyclone ), 3. 7 giL sodium bicarbonate, 10 rnlll penicillin-G 
streptomycin mix (Sigma, St. Louis, MO), and 6rnVL amphotericin B (Fisher Scientific, 
Pittsburgh, PA). The pH ofthe medium ranged 6.9-7.0 with 1 N HCI. DMEM already 
contains 4 mM L-glutamine (detail composition of medium; Appendix B). 
Thawing the Frozen Cells 
Frozen cells were thawed at 37 °C in a water bath for 40-60 s with rapid agitation. 
This thawing method avoids microorganisms being exposed to high salt concentrations, 
which may set up adverse osmotic conditions. From this point, all work was performed 
under strict aseptic conditions. The cryovial was wiped with 70% ethanol, and the cap was 
opened in a sterilized hood. With a 1-2 ml sterilized disposable pipet, cells in the vial were 
gently sucked in and out several times before seeding. 
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Seeding 
Caco-2 cells were seeded in a 25-cm2 or a 75-cm2 T -flask (corning, Cambridge, MA) 
containing 37 °C medium. Cell density was 5 x 106 cells for a 75-cm2 T-flask (1.5 x 106 
cells for the 25-cm2 T -flask). Thirty milliliter of medium was used in the 75-cm2 T -flask (5 
ml for the 25-cm2 T -flask). The first day of every passage, DMEM containing high FBS 
(20%, v/v) was supplied to enhance the cell attachment. After the first day of passage, 
FBS was reduced to 10% in the incubation medium. Caco-2 cells were maintained and 
grown at 37 oc in a humidified atmosphere of 95% air and 5% C02. For C02 supply, the 
cap of the T flask was loosened as much as possible. When a 2 f.tm pore cap was used, it 
could be tightened. Medium was changed every second day. 
Splitting 
Caco-2 cells reached 70-100% confluency by 4 to 8 d. Depending on cell number, 
flasks were split by 1:2 or 1:3 ratio to enhance cell growth. 
After gently removing the medium from the T-flask with an individually wrapped 
sterile pipette, the Caco-2 cell monolayer was washed three times with Hank's balanced 
salt solution (HBSS; Hyclone) and once with 0.25% trypsin-EDTA solution (Hyclone). 
With 3 ml of additional 0.25% trypsin-EDTA solution (1 ml for the 25-cm2 T-flask), 
washed cells were trypsinized at 3rC incubator for 20-30 min. During the trypsinization, 
gentle knocking to the bottom of the T -flask helped to separate cells. Trypsinized cells 
were transferred to a 50-ml sterilized centrifuge tube. DMEM containing 20 % FBS was 
added up to 10 ml (5 ml for cells from the 25-cm2 T-flask). Approximately 1 ml of cell 
stock was taken for cell counting. After counting in a hemocytometer, cell stock was 
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diluted with DMEM to the proper number for seeding or freezing. 
Freezing 
Contamination is real concern when using the cell cultures. Therefore, frozen cell 
stocks should be prepared at every transfer. 
After trypsinization, cells were centrifuged, trypsin and media were removed, and 
DMEM was used to dilute to around 107 cells/mi. This cell stock was then placed into a 
sterile cryovial with DMSO and glycerol (medium: DMSO: glycerol = 8: 1: 1, v/v). 
DMSO and glycerol protect cells from very low temperatures. Cell stock was kept at 
-80°C for 2 d, and then transferred to be kept at -190°C in liquid nitrogen. 
Growth Study 
Prepared DMSO and water mixture (1:2, v/v) was added to both MS and FM 
buttermilk powder (1:10, w/v). These buttennilk treatments were sonicated for 10 min and 
diluted with DMSO and water mixture to I, 2, or 3% buttermilk concentrations. 
To prepare cell for the growth study, trypsinized Caco-2 cells were suspended in 
DMEM containing high FBS (20%) and counted through the hemocytometer. Cells were 
transferred to 24 well dishes (1.88 cm2/well; corning) at a cell density of5 x 104 cells/well. 
Four days after passage, each of three levels of each buttermilk treatment (1 0 fll) was 
added to individual wells. Every level ofbuttermilk sample had at least one blank. For 24 
h, growth, as indicated by the color of the media, was monitored by LabSMART LLC 
(Logan, UT). Cells were incubated at 37°C, saturated humidity, and 2-8% COz. Every 
treatment was repeated three times with duplicates run at each replication. 
59Fe Transport Study and Uptake Study 
Transport Study (A) 
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Caco-2 cells were cultured under the optimum condition t01 70-80% confluency. 
When the cell mats reached confluency, they were trypsinized. Cell suspensions were 
transferred to six transwell dishes (4.5 X 105 cells/well). DMEM (37 °C) was added (1.5 ml 
in the apical chamber and 2.5 ml in the basolateral chamber) prior to seeding. This 
experiment was designed as iron replete and iron deplete based on the level of FBS. MS 
and FM buttermilk samples were prepared as three levels (1 , 2, and 3%, w/v) with DMSO 
and water (1:2, v/v) mixture. Ganglioside and sphingomyelin were used as standards at a 
level of 3 mg/ml. DMSO and water mixtures served as the blank controls. 
Three days before the transport experiments were run, FBS in the medium of the 
iron deplete cells was reduced from 10% to 0% in the apical chamber and 2% in the 
basolateral chamber. 
After 17-22 d, the entire medium was removed from both apical and basolateral 
chambers and the chambers were washed three times for the apical chamber, and once for 
the basolateral chamber. 59pe stock solution was prepared with HBSS containing 1 
mmol/L cold iron (final concentration) to supply 1 11Ci per well, because at least 1% of the 
59pe was expected to transport through the membrane (detectable level of 59pe is estimated 
to be 1,000 dpm). Apical chambers contained 1.5 ml of HBSS containing 59pe, and the 
basolateral chamber 2.5 ml of DMEM (2% FBS for iron deplete~ 10% for iron replete). 
Both MS and FM buttermilk samples and standards were added to the apical chamber at 
15 !Jl. 
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One fifth milliliter of medium was taken from the basolateral chamber, hourly, for 6 
h. Medium was transported into scintillation vials and counted in a gamma counter 
(Hewlett Packard, Palo Alto, CA). Fresh medium was replaced in the basolateral chamber 
to maintain a constant volume. This experiment was replicated three times with duplicate 
runs within each replication. 
Uptake Study (A) 
At the conclusion of the transport study, the cell monolayer attached to the insert 
membranes was removed from the apical chamber, the cells and membranes were and 
washed twice gently with fresh HBSS. These tissues were placed in a counting vial and 
radioactivity counted radioactivity in the gamma counter. This experiment was also 
repeated three times with duplication each time. 
Transport Study (8) 
Cell preparation was similar to that described in transport study (A). Transport study 
(B) was designed as iron replete and iron deplete based on FBS level with three levels of 
MS buttermilk, FM buttermilk, ganglioside or sphingomyelin treatments. MS and FM 
buttermilk treatment concentrations were 0. 5% and 1%. Ganglioside and sphingomyelin 
treatment concentrations used were 0. 5, 1. 5 and 3 mg/ml. Each dilution was performed 
with DMSO and water mixture (1:2, v/v). Every group had a blank (00/o) used as a 
control. For ganglioside and sphingomyelin, the blank used was determined from the 
average of 0% MS and FM treatments under the same conditions. Three days before these 
experiments were carried out, FBS in the medium for iron-depleted cells 
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was reduced from 1 0% to 0% in the apical chamber and 2% in the basolateral chamber. 
After 13-15 d of cell culture growth, the entire medium was removed from both the 
apical and basolateral chambers, the apical chamber was washed three times, and the 
basolateral chamber was washed once. 5~e stock solution was prepared with HBSS to 
supply 1 ~Ci per well. To the apical chambers, 1.5 ml of HBSS containing 1 ~Ci of 5~e 
was added. To the basolateral chamber, 2.5 rnl ofDMEM (2% FBS for iron deplete, 10% 
for iron replete) was added. Both MS and FM buttermilk samples and standards (15 ~1) 
were added the apical chamber. The remainder of the experiment was identified to 
transport study (A). 
Uptake Study (B) 
When transport study (B) had finished, membranes were removed from the apical 
chamber for the study of 5~e uptake. These cells and membranes were carefully washed 
three times with 0.9% biological NaCl solution. Membranes were then put in counting 
vials and counted in a gamma counter. This experiment was repeated three times with 
duplication each time. 
Standardization by Nucleic Acid 
To correct for possible differences in cell mass, each experiment was standardized 
by determining nucleic acid concentration in cells on every insert membrane. Nucleic acid 
from the cells on the membrane was extracted by M-PER 1M Mammalian protein extraction 
reagent (Pierce, Deerfiled, IL ). One day after adding reagent to membrane ( 400 ~I I 
membrane), membranes were vortexed vigorously for 2 min. Water (2.4 ml) was added to 
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extraction for making detection range. Nucleic acid was detected at A26o128o. Each time 
before reading, extraction were mixed well (Pierce procedure 0736). 
Statistics 
For the first transport study, radioactivity numbers were used without any 
standardization. Experiment (A) was randomized block design: two types of iron, nine 
treatments, 6 h, and three replications. Experiment (B) was complete randomized design: 
two types of iron, milk, treatment, three levels, 6 h, and three replications. 
For the uptake studies, standardization based on nucleic acid concentration was used 
(SAS version 9.0; SAS institute). The basic design was the same as for the transport 
study. Least significant difference (LSD) was used to determine differences among means 
when main effects were significant. 
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RESULTS AND DISCUSSION 
Lactose Reduction 
The carbohydrate concentration of both buttennilk fractions (MS and FM) was 
assessed by HPLC analysis (Table 3). Based on three carbohydrate standards (glucose, 
galactose, and lactose), carbohydrate peaks were not detected from either MS buttermilk 
or FM buttennilk (Appendix C). Upon analysis of FM buttennilk by HPLC, an 
unknown peak appeared. This unknown peak was not defined; however, it was not 
similar to any carbohydrate peak and differed from lactic acid, also. 
TABLE3 
HP LC analysis of buttermilk fractions 
Rf 
Standards1 
Lac2 11.11 
Glu3 14.40 
Gal4 13.12 
Buttennilk (3 x)5 8.54, 11.13 
MS buttermilk6 No peak 
1Standard concentration was 20 ~-tg/10rnl. 
2,3,4,5,6,7,8,9,10,11 Appendix C 
Standards 
Lac7 
Glu8 
Gal9 
Lactic acid10 
FM buttermilk11 
5 Lactose concentration in 3x buttennilk =1.54 mg/50 ~-tl 
Rf 
12.53 
16.70 
14.76 
10.06 
11.42 
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Chemical Analysis 
Buttermilk Composition 
Results ofthe proximate analyses ofbuttermilk composition are shown in Table 4. 
These results were expressed on a dry matter basis. Percent carbohydrate of treated 
buttermilk by both molecular sieving and bacterial fermentation methods was reduced 
significantly (P < 0.000). The reason why this carbohydrate value is different from HPLC 
analysis is sample concentration difference. On proximate analysis, original sample 
concentration was applied and calculated while diluted sample concentration was used 
TABLE4 
Proximate analysis of buttermilk and buttermilkfraction1•2 
3x 
buttermilk 
Nonconcentrated 
buttermilk 
Dry Matter 27.16 ± 0.063 
% Protein3 15.09 ± 0.64 
%Fat4 6.11 ± 0.00 
%Ash5 8.46 ± 0.48 
% Carbohydrate6 70.35* 
1 Values are mean± SD, n=3 . 
2 Raw data in Appendix D. 
5.64 ± 0.01 
25.73 ± 0.60 
10.93 ± 0.19 
11.93 ± 1.95 
53 .85* 
3
•
4
•
5
•
6 Values are DM (dry matter) basis 
MS 
buttermilk 
93 .90 ± 0.353 
58.50± 0.52 
18.07 ± 0.90 
6.51±1.17 
35.46* 
FM 
buttermilk 
90.20 ± 0.43 
73 .01 ± 1.10 
7.17 ± 0.38 
6.76± 0.90 
12.47* 
6 No standard deviation, because percent carbohydrate was calculated as 100 -
(% protein+ % fat +% ash). 
All numbers are significantly different from each other except subscripe (P < 
0.05) and* P < 0.000. 
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for HPLC analysis (20 flg/10 ml). Percent protein of buttermilk fractions from both 
methods increased (P < 0.001). Percent fat ofMS buttermilk was somewhat higher (P < 
0.05). Fat globules in buttermilk vary in size and no effort was made to homogenize the 
original buttermilk prior to sampling. Thus, a sampling error may explain lipid variability 
among analyzed samples. Buttermilk samples that were molecular sieved were lower in 
protein. Some amino acids and smaller peptides may have been lost through molecular 
sieving. Nonconcentrated and 3 x concentrated buttermilk were obtained from West Point 
dairy center. Prior to obtaining the buttermilk, the large tank of buttermilk may not have 
been stirred well, so 3 x buttermilk and nonconcentrated buttermilk compositions may 
not have been an accurate reflection of the composition of the entire batch. 
Thin Layer Chromatography 
Sphingomyelin, as a standard, and the buttermilk fractions were run simultaneously 
on three different TLC plates. The Rf value x 100 of sphingomyelin was 7.6- 7.8, and 
every replicate of MS and FM buttermilk samples had spots with the same Rf values. 
Those Rfvalues appeared on the low part ofTLC plates, similar to other studies (Alvarez 
and Touchstone 1992). Several other spots appeared in the buttermilk samples which 
were assumed to be fatty acids because they reacted with iodine. The appropriate 
standards were not run to determine their specific identity, because of the high number of 
spots. 
Resorcinol Assay 
The ganglioside content was estimated by assaying for sialic acid using the 
resorcinol method. Although all sialic acids are not ganglioside, sialic acid 
TABLES 
The quantitative estimation of sialic acid in buttermilk sample~ .2 
Sialic acid 
Buttermilk Jlg/ml Jlg/g 
3 x buttermilk 4.49 ± 0.12 16.54 ± 0.45a 
Non concentrated 
buttermilk 1.74± 0.02 30.91 ± 0.33b 
Molecular sieved 
buttermilk 35.30 ± 1.15 36.92 ± 2.37c 
Fermented 
buttermilk 21.89 ± 0.32 24.28 ± 0.32d 
1 Values are mean ± SD, n=3 
2 Raw data and t-test (Appendix E). 
a, b, c, d Means with different superscripts significantly different from other means 
(P < 0.05). 
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concentration will reflect ganglioside concentration. The results are presented in Jlg/ml 
and Jlg/g in Table 5. The sialic acid content of the MS buttermilk sample exceeded the 
value of3 x buttermilk and non concentrated buttermilk (P < 0.05). 
The sialic acid concentration of the FM buttermilk fraction is lower than the 
original, non concentrated buttermilk. Some free gangliosides were probably lost during 
ultrafiltration, even though gangliosides usually form micelles under aqueous conditions. 
Sialic acid loss in the fermented buttermilk could also be explained because bacteria may 
use some sialic acid for their own growth during fermentation. The four preparations of 
buttermilk were significantly different in sialic acid content. 
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Cell Culture 
The Caco-2 cell culture system is very useful to study nutrient absorption by human 
intestinal entrocytes. Caco-2 cells form a monolayer by enterocytic differentiation, which 
has high polarity, has a brush border and forms tight junctions (Halleux and Schneider 
1994). However, like other cell cultures, Caco-2 cell culture exhibits a high variability. 
To reduce variability, some standardization is required. Many studies have data per unit 
of protein in one well dish (Han et al. 1994, 1997). Others have expressed data per square 
centimeter of cell surface area (Leblondel and Allain 1999). Sometimes data are 
expressed per insert (Halleux and Schneider 1994). Some researchers have expressed 
their data as a percentage of some control value (Hidalgo et al. 1989). 
In this experiment, the amounts oftransport and uptake Fe values were calculated 
from dpm values. Basically, when cpm values have 1000./o efficiency, dpm values are 
available. However, to compare these results relatively, dpm values could be available. 
These values were standardized to activity per unit of nucleic acid. Nucleic acid content 
represents relative cell number in each insert. Nucleic acid assay was performed 10 d to 2 
months after the uptake and transport studies. But each batch was measured on the same 
day for relative comparison. The method of standardization is as follows: 
pg Fe • J..lg nucleic acid-1= e9pe concentration by half life from dpm) • (J..lg 
nucleic acid per insert) -1 
Growth Study 
The growth medium (DMEM) for Caco-2 cell contains phenol red as a growth 
rate indicator. Under controlled growth conditions for all cells, we assumed 
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FIGURE 1 The growth curves ofCaco-2 cells for 24 hours. (a)* increases in 
redness if number is lower. 
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that the color of medium represented cell metabolism. The color of phenol red is pH 
dependent. This study was initiated 4 dafter cell passage (70-90% confluency), because 
color changes occurred very rapidly when cells approached confluency. Cultures in well 
dishes were maintained in the LabSMART scanner with saturated humidity, 3-8% C02, 
37 °C for 24 h. Growth results were based on 'a ' value (redness) to detect changes in 
color. As Figure 1 shows, there were no differences among the blank and buttermilk 
treatments. Fluctuations observed between 6 to 20 h were considered the result of 
fluctuating C02 concentration, perhaps due to removal of the chamber lid. Under the 
conditions of this experiment, cellular growth was not influenced by treatments of the 
buttermilk fraction. 
Transport and Uptake Studies with 59Fe 
Transport and uptake studies with 59Fe were performed twice under slightly 
different condition. Table 6 shows the comparison between study A and B . The major 
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difference was cold iron addition. However, basic design was also very similar because 
their principle was the same. Therefore, both studies were evaluated by the same 
statistical methods. 
Transport Study (A) 
From 16 to 21 d after seeding on the transwell dishes, transport studies were 
performed. 5'Te (Ill)-Chloride was added to the apical chamber (1 ~Ci/insert) with I 
mmol/L cold iron. Hourly for 6 h, an aliquot from the basolateral chamber was removed 
for determination of 5'Te movement across the cell membranes. Analysis of variance for 
59Fe- transport was based on dpm • flg nucleic acid-1. Results were similar whether 
expressed as dpm• ~g nucleic acid-1 or pg Fe • ~g nucleic acid-1. 
A5 expected, 59Fe transport was significantly greater (P < 0.01) by iron-depleted 
TABLE6 
Comparison between studies (A) and (B) 
Transport and uptake study (A) 
I6- 21 d cell growth3 
Iron-depletedb and iron-repleted cells 
Cold iron addition (1 mmol/L) 
Treatments : blank, 3 mg/ml of 
ganglioside and sphingomyelin, I%, 
2%, 3% of MS and FM buttermilk 
Transport and uptake study (B) 
13 - 15 d cell growth 
Iron-depleted and iron-repleted cells 
No cold iron addition 
Treatmentsc : 0.5, 1.5, 3 mg/ml of 
ganglioside and sphingomyelin, 0%, 
0.5%, I% ofMS and FM buttermilk 
a Caco-2 cells were cultured on the transwell dishes 
bFBS in the media was depleted 3d before transport studies 
c The average of 0% MS and FM buttermilk was used as blank 
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FIGURE 2 59pe transport study (A). (a) Iron transfort by iron-repleted and iron-
depleted Caco-2 cell culture. P < 0.01 (b) Time effect on 5 Fe transportacross Caco-2 cell 
culture. P < 0.000. 
than by iron-repleted cells (Fig.2). As reported by others (Alvarez-Hernandez et al. 
1991 ), iron-depleted cells transport more iron than iron-repleted cells. The time effect 
was also very significant (P < 0.000) over the 6 h -59pe transport study. Figure 3 shows 
treatment effects of MS and FM buttermilk. MS and FM buttermilk treatments were 
significantly higher than blank (P < 0.01) in iron-repleted cells, but there was no 
difference among the treatment levels (Table 7). In iron-depleted cells, MS buttermilk 
treatments enhanced iron transport over the blanks except for the 3% MS treatment. The 
highest transport effect was exhibited in the 2% MS and 1% FM buttermilk treatments. 
Han et al. (1994) showed a poor correlation between treatment level and iron transport in 
a Caco-2 cell study. In the transport study using standard treatments, ganglioside and 
sphingomyelin treatments resulted in a significantly higher transport of 59Fe by iron-
repleted cells (Figure 4). 
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FIGURE 3 5~e transport study (A) with MS and FM buttermilk treatments. (a) 
59Fe transport with MS treatments, (b) 5~e transport with FM treatments. P < 0.01. 
Values are mean ± SEM of three experiments with duplication each time. MS = 
molecular sieved, FM = fermented. 
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TABLE7 
Effects of iron status on 59 Fe transport (A) by Caco-2 cell culture1 
Effect Mean 
dpm• JigNA1 
Iron 
Depleted 6.45 ± 0.16 1.34/1 .76 
Repleted 4.06 ± 0.18 
Treatment 
Blank 4.12 ± 0.39 
Molecular sieved 1 % 5.25 ± 0.34 
Molecular sieved 2 % 6.55 ± 0.34 0.63/0.83 
Molecular sieved 3 % 4.15 ± 0.34 
Fermented 1% 6.59 ± 0.34 
Fermented 2 % 5.47 ± 0.34 
Fermented 3 % 5.68 ± 0.34 
Ganglioside 5.28 ± 0.39 
Sphingomyelin 4.21 ± 0.39 
Hour 
1 hour 2.77 ± 0.29 
2hour 3.61 ± 0.29 
3 hour 4.84 ± 0.29 0.77/1.02 
4 hour 5.75 ± 0.29 
5 hour 6.67 ± 0.29 
6 hour 7.87 ± 0.29 
Iron by treatment 
Fe-3 x Blank 5.93 ± 0.48 
Fe- x MS4 1% 7.22 ± 0.48 
Fe- x MS 2% 9.72 ± 0.48 
Fe- x MS 3% 5.01 ± 0.48 
Fe- x FM5 1% 7.99 ± 0.48 
Fe- xFM 2% 5.87 ± 0.48 
Fe- xFM 3% 6.16 ± 0.48 
Fe- x Ganglioside 5.94 ± 0.48 
Fe- x Sphingomyelin 4.21 ± 0.48 
Table continues 
Effect 
Fe+6 x Blank 
Fe+ xMS 1% 
Fe+ xMS2% 
Fe+ xMS 3% 
Fe+ xFM 1% 
Fe+ xFM2% 
Fe+ xFM3% 
Fe+ x Ganglioside 
Fe+ x Sphingomyelin 
TABLE 7 
Continued 
Mean 
dpm • Jlg NA-1 
2.30± 0.60 
3.29 ± 0.48 
3.37 ± 0.48 
3.29 ± 0.48 
5.18 ± 0.48 
5.06 ± 0.48 
5.20± 0.48 
4.62 ± 0.60 
4.20± 0.60 
1 ANOV A table in Appendix F. 
2 LSD 0.05/ O.Dl 
3 Fe-= iron-depleted cells 
4 MS = molecular sieved 
5 Fe+= iron-repleted cells 
6 FM= fermented 
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0.45/0.59 
Sphingomyelin, however, showed an inhibition of iron transport in iron depleted cells. 
Numbers for each treatment parameter are shown in the ANOV A table (Appendix F). 
Transport Study (B) 
Transport study (B) was performed from 13 d to 15 dafter a new cell passage. 59Fe 
(III) - Chloride was added into the apical chamber (1.5 J.!Cilinsert) with no additional 
cold iron. Transport study (B) was designed as two levels of iron status, four different 
treatments, and three replications for each treatment, which were all run in duplicates. 
The results of transport study (B) are shown in Table 8 There was no significant 
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FIGURE 4 59Fe transport study (A) with standard treatments. P < 0.01 . Values are 
mean ± SEM of three experiments with duplication each time. GS= ganglioside, SM= 
sphingomyelin. GS and SM standard treatment concentration is 3 mg/ml. 
TABLES 
Effects of iron status on 59 Fe transport study(B) by Caco-2 cell culture1•2 
Iron 
Effect 
Depleted 
Repleted 
Treatment 
Level 
Molecular sieved 
Fermented 
Ganglioside 
Sphingomyelin 
Mean 
dpm• tJ.gNA1 
14.33 
12.98 
13 .69 
14.53 
10.70 
15 .67 
0 %Molecular sieved 15.65 
NS 
1.608 
Table continues 
TABLES 
Continued 
Effect Mean 
0.5 %Molecular sieved 13 .00 
1 % Molecular sieved 9.71 
0 %Fermented 15.49 
0.5 %Fermented 15.89 
1 %Fermented 16.24 
3.0 mg/ml Ganglioside 14.55 
1.5 mg/ml Ganglioside 10.60 
0.5 mg/ml Ganglioside 9.67 
3. 0 mg/ml Sphingomyelin 14.50 
1. 5 mg/ml Sphingomyelin 14.59 
0.5 mg/ml Sphingomyelin 13 .90 
Hour 
lhr 10.45 
2 12.69 
3 13 .72 
4 14.32 
dpm • flgNA 1 
Hour 
5 15.01 
6 15.62 
1 ANOV A table in Appendix F 
2 Standard deviation was not calculated. 
3 LSD o.os 
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LSD 
NS 
0.543 
iron effect in this study. The reason was probably because of a lower total iron exposure 
due to no additional cold iron. Low levels of iron are efficiently utilized by iron-repleted 
as well as iron-depleted cells. Without the extra iron supply, even transport under the 
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iron-repleted condition was more effective compared to when the cold iron supply was 
added. Comparing transport study (A) to transport study (B), added cold iron depressed 
iron transport. Percent of total iron transport was increased in transport study (B) without 
added cold iron. Alvarez-Hernandez et al. (1991) showed Fe (IT) absorption is more rapid 
than Fe (ITI) absorption in Caco-2 cells. They suggested Fe (II) is a more available source 
of iron. The comparison of iron concentration between transport study (A) and (B) is 
shown in Table 9. In transport study (A), cold iron concentration was 250 times more 
than radioactive iron. Therefore, probably 59Fe transport was depressed. 
Differences among treatments were significantly different (P < 0.05). Level effect 
was not considered in a main treatment effect. Level effect by each treatment was not 
significant. Iron transport increased linearly over the 6 h. 
In Figure 5, ganglioside might have an inhibitory effect on 59pe transport. The 
previous experiment (Table 5) already showed that MS buttermilk contains significantly 
higher sialic acid than FM buttermilk. In transport study (B), 59pe transport of cells 
bathed in a medium containing MS buttermilk was slightly lower than when FM 
buttermilk was in the medium; however, the difference was not significant. Buttermilk 
fractions were very crude extracts in a DMSO and water mixture. It is very difficult to 
extract sphingolipids by DMSO and water mixture. Sphingolipids are known to extract 
more efficiently by solvents like chloroform and methanol mixture. Therefore, we may 
not expect that buttermilk fractions reflect only the action of sphingolipid content. 
Before initiation of the transport studies, cell growth and membrane leakage were 
not examined. In time effect, transport at the first hour was very high. There was 
probably some leakage from gaps between cell junctions. Although density of seeded 
TABLE9 
Comparison of iron concentration between 59 Fe transport study( A) and (B/ 
Transport study(A) 
Fe(-) Fe(+) 
Jlmole Fe 
FBS 0.59 2.95 
Hot iron 3.92 3.92 
Cold iron 1000 1000 
Total iron 1004.51 1006.92 
Transport study(B) 
Fe(-) 
0.59 
3.92 
4.51 
Fe(+) 
Jlmole Fe 
2.95 
3.92 
6.92 
1Iron concentration in medium was not calculated because number is too small 
(0.0088 f.lg/L). 
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cells in every insert was similar, cell growth may been variable. Trypsin effect might not 
depress cell growth. Because trypsin effect was stopped by FBS, and if there was some 
residual trypsin, it would be removed during cell growth period. A second possible 
reason is iron absorption is rapid during the first hour (Alvarez-Hernandez et al. 1991 , 
1994a, Halleux and Schneider 1994). In Han and others' (1994) study, radioactivity was 
measured from 1 h to 6 h, and the radioactivity of the first hour was higher than that 
between others. Iron absorption occurs in the GI tract within 1 h. In this study, within 1 
h, 59pe transport is at 1 h 2. 77 dprn!Jlg DNA and at 6 h 7.87 dpm/Jlg DNA So, in the first 
hour, 35% of the total dpm had crossed the membranes. Usually, 0 to 120 min 
postprandial is an important period to observe iron absorption. Furthermore, in the GI 
tract, sphingolipids are degraded to sphingosine and ceramide. But in these 
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FIGURE 5 59Fe transport study (B). (a) Effect of iron pretreatment transport of 
59Fe, (b) treatment effect, P < 0.05, (c) time effect, P < 0.05 . 
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experiments, crude buttermilk fraction and sphingolipids were used without digestion. 
Gangloff et al. (1996b) studied assessment of iron availability with in vitro digested food 
samples by Caco-2 cell culture. Prior to culture, food samples were digested in vitro 
using enzymes and dialysis. Many ligands and proteins probably inhibit iron transport, 
and prior digestion may exhibit improvement in apparent iron absorption. 
Uptake Study (A) 
Uptake study (A) was performed after transport study (A). Cells in the well dish 
were washed with HBSS twice, and 59pe in the cell was estimated. In Table 10, no 
significant difference in iron uptake due to iron status of the cells was noted. In Figure 
6, radioactivity on the insert membrane probably remained high, perhaps because of 
inadequate rinsing with HBSS. Treatment effects were not significant in the study. 
Uptake Study (B) 
Table 11 shows the results of iron uptake by cells in study (B). Membranes were 
washed with 0.9% physiological saline solution very carefully. DNA analysis in order to 
provide a standard base was conducted two days after the experiment. The iron retention 
is noted to be very high under depleted and repleted iron conditions. Among the main 
effects, only iron status had a significant effect on 59Fe retention within the cells. 
In Figure 7 and Figure 8, iron absorption was significantly different between iron 
deplete and iron replete. Iron uptake under the iron-depleted condition was obviously 
higher than under the iron-repleted condition. This significant value probably resulted 
from more careful washing in this uptake study compared to study (A) or perhaps was 
Iron 
TABLE 10 
Effects of iron status on 59Fe uptake study (A) by Caco-2 cell culture1 
Effects 
Depleted 
Repleted 
Mean 
pg Fe • Jlg DNA1 
15 .18 
14.70 
NS 
Treatment 
Blank 14.01 
Molecular Sieved 1% 
Molecular Sieved 2 % 
Molecular Sieved 3 % 
Fermented 1 % 
Fermented 2 % 
· Fermented 3 % 
Ganglioside 
Sphingomyelin 
13 .80 
17.65 
13 .72 
13.55 
10.81 
8.39 
23 .94 
18.55 
NS 
1Standard deviation was not calculated and ANOVA table in Appendix F. 
2LSDo.os 
45 
46 
Molecular Sieved (Fe+) Molecular Sieved (Fe-) 
0 blank( Fe+) < 30.0 D blank( Fe-) < 30.0 &FM1% z Ia FM1% z mFM2",{, g' 25.0 I§!IFM2% g' 25.0 mFM3% "ii mFM3% 
"ii 20.0 u.. 20.0 u.. ~ 15.0 Cl S: 15.0 Cll Cll ~ 10.0 .:.0: 10.0 I'll I'll a a :;:, 5.0 :;:, 5.0 Cll Cll u.. 0.0 u.. 0.0 Cl) Cl) .., 
.., 
Fermented (Fe-) Fermented (Fe+) 
- 30.0 0 blank( Fe+) < 30.0 0 blank( Fe-) c:( 1!!1 GS 3rnJ/ml ~ 25.0 ~ 25.0 Ell GS 3rnJ/ml 
.2 
Cll 20.0 :;:, I§!ISM31T'J/ml u.. "ii 20.0 Cl u.. 
.s: 15.0 at S: Gl 15.0 
.:.0: 10.0 J I'll 10.0 a IV 
:;:, 5.0 Q. Gl :;:, 5.0 u.. Cll 
en 0.0 u.. II) Cl) 0.0 .., 
standards (Fe+) Standards (Fe-) 
FIGURE 6 Effect of level of treatments on 59pe uptake study (A) by iron-
repleted and -depleted Caco-2 cell culture. Values are mean ±SEM ofthree experiments 
with duplication each time. MS = molecular sieved, FM = fermented, GS = ganglioside, 
SM = sphingomyelin. 
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TABLE 11 
Effect of iron status, treatment, and dose level on 59 Fe uptake study (B) by Caco-2 cell 
culture1'2 
Effect Mean 
pg Fe • !lg DNK1 
Iron 
Depleted 1.48 
Repleted 0.59 
Treatment 
Level 
Molecular sieved 1.07 
Fermented 0.99 
Ganglioside 1.04 
Sphingomyelin 1.05 
0 % Molecular sieved 1.13 
0. 5 % Molecular sieved 1.01 
3 % Molecular sieved 1.06 
0 %Fermented 1.18 
0. 5 % Fermented 0.86 
3 %Fermented 0.92 
3. 0 mg/ml Ganglioside 1.04 
1.5 mg/ml Ganglioside· 0.98 
0. 5 mg/ml Ganglioside 1.08 
3. 0 mg/ml Sphingomyelin 0.98 
1.5 mg/ml Sphingomyelin 1.06 
0.5 mg/ml Sphingomyelin 1.11 
1 ANOV A table in Appendix F. 
2 Standard deviation was not calculated. 
3 LSDo.osJo.oi 
0.774/1.014 
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FIGURE 7 Effect of level ofbuttennilk treatments on 59Fe uptake study (B) by 
iron-repleted and -depleted Caco-2 cell culture. Values are mean ± SEM of three 
experiments with duplication each time. MS= molecular sieved, FM = fermented . 
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FIGURE 8 Effect of level of standard treatments on 59pe uptake study (B) by iron-
repleted and -depleted Caco-2 cell culture. Values are mean± SEM ofthree experiments 
with duplication each time. GS = ganglioside, SM= sphingomyelin. 
so 
due to the lower level of total iron used in the experiments , because there was no cold 
iron (1 .5 11m ole per insert) used in this study. There was no significant treatment effect in 
uptake study (B) . The explanation is probably the same as why we saw no treatment 
effects in the transport study. MS and FM buttermilk fractions were crude and were 
extracted in a DMSO and water mixture . 
Those buttermilk fraction effects may thus not be the same as standard effects such 
as observed for the ganglioside and sphingomyelin standards. Because of the lack of 
digestion of sphingolipids in these cell cultures, the crude fraction may not be as active as 
the biological standard samples (Gangloff et al. 1996b ). Protein sources, especially 
casein, in an intestinal digest significantly affected iron uptake by Caco-2 cell culture 
(Glahn et al. 1996). These studies show that iron uptake is influenced by iron status of the 
culture and that over time iron uptake increased. These results indicate that the Caco-2 
cell cultures respond similarly to an intestinal system in iron transport and uptake studies. 
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SUMMARY AND CONCLUSION 
A Caco-2 cell culture system is a useful model to study nutrient absorption in 
human enterocyte. The Caco-2 cell line is from human colon carcinoma; however, it 
forms a monolayer by enterocyte differentiation, which has higher polarity, has a brush 
border, and forms tight junction (Halleux and Schneider 1994). Many researchers have 
used the Caco-2 cell culture system for iron study. 
Iron absorption from various milks is very different. Saarinen et al. (1977) observed 
that iron absorption from human milk was five times higher than that from bovine milk, 
and .Park et al. (1986) demonstrated that bioavailability of iron from goat milk is two 
times higher than that from bovine milk although iron concentration from goat milk was 
lower. Hurley and LOnnerdal (1988) showed that iron was associated with MFGM, 
including bioactive molecules; such as sphingolipids. The percent lipid of human milk 
and goat milk is higher than that of bovine milk. 
In this experiment, we demonstrated the effects of concentrated buttermilk by 10 K 
molecular sieving and by bacterial fermentation on cell growth, iron uptake, and transport 
by Caco-2 cell culture. The composition of the MS and FM buttermilk fraction was 
analyzed by proximate and chemical analysis. In both buttermilk samples, percent 
carbohydrate was reduced significantly (P < 0.000). Percent fat in MS buttermilk was 
twice as high as the original buttermilk and FM buttermilk. MS buttermilk was also 
estimated to contain a higher ganglioside concentration than FM buttermilk as 
determined by the sialic acid assay. However, those buttermilk fractions had no 
significant effect on cell growth. 
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59Fe transport and uptake by Caco-2 cell cultures were performed with and without 
cold iron addition (lmmol!L). The cell culture system was made iron depleted or iron-
repleted prior to use. The result of the transport study showed, like previous studies, that 
the iron-depleted cell was better model to study iron transport. With cold iron addition, 
three levels (1 , 2, and 3%) ofMS and FM buttermilk enhanced 59Fe transport across iron-
repleted cells. On the iron-depleted cells, 1 and 2% of MS buttermilk increased iron 
transport, but 3% MS buttermilk depressed iron transport. With FM treatment, only 1% 
FM buttermilk was higher than blank. Standard treatments (GS, SM) enhanced 59Fe 
transport across the iron-repleted cells, but across the iron depleted cells, there was no 
positive effect on iron transport. Without cold iron addition, the amount of 59Fe transport 
was increased; however, the difference of iron transport between iron-depleted and iron-
repleted cells was not significant. When comparing iron transport with four treatments 
without cold iron addition, the effect of iron transport with GS treatment was 
significantly lower than other treatments. In an uptake study with cold iron addition, 59Fe 
uptake was not different with any treatment. However, the result of the iron uptake study 
without cold iron demonstrated that iron-depleted cells are better models to show iron 
uptake compared to iron-repleted cells. 
This experiment tried to show the effect of buttermilk fraction concentrate on cell 
growth, iron uptake, and transport by Caco-2 cell culture. It demonstrated the difference 
of iron-depleted and -repleted cell culture systems in iron studies. In further study, more 
careful preparation would offer better results. Cell growth and confluence should be 
monitored and examined prior to transport and uptake study. Especially using the Caco-2 
cell line, pre-digestive treatment and more purified sample will reduce the variability. 
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Appendix A Published Composition of Milk and Buttennilk Fractions 
TABLE A 1 
Published composition of some milk (Walstra and Jenness 1984) 
Dry matter 
Fat 
Crude protein 
Carbohydrate 
"Ash" 
Lactose 
Lactic acid 
casein 
Whey protein 
Fresh, whole 
Milk (g) 
12.3 -13.0 
3.1 - 4.0 
3.1- 3.6 
4.5- 4.8 
0.7- 0.8 
4.5- 4.8 
trace 
2.3- 2.8 
0.55-0.72 
Buttermilk 
powder (g) 
96.2-97.2 
3-6 
33-36 
47-49 
7.0-8.0 
47-49 
trace 
25-27 
6.0-6.5 
Buttermilk (g) 
8.5-9.5 
0.3-0.7 
3.0-3.5 
3.5-4.5 
0.7-0.75 
3.5-4.5 
0.5- 0.9 
2.1-2.5 
0.55-0.72 
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Appendix B. Formulation ofDMEM for Caco-2 Cell Culture 
Caco-2 cell culture 
Medium (I L) 
DMEM (Dulbecco' s Modified Egle's Medium) 
Amino acid 
Inorganic Salts 
Vitamins 
L-Arginine HCI (84 mg!L) 
L-Cystein 2HCI (62.57 mg!L) 
L-Glutamine (584 mg!L) 
Glysine (30 mg!L) 
L-Histidine HCI • H20 (42mg!L) 
L -Isoleucine (104.8 mg!L) 
L-Leucine (104.8 mg!L) 
L-Lysine HCI (146.2 mg!L) 
L-Methionine (30 mg!L) 
L-Phenylalanine (66 mg!L) 
L-Serine (42 mg!L) 
L-Threonine (95.2mg!L) 
L-Txyptiphan (16 mg/L) 
L-Tyrosine 2Na• H20 (l03 .79rng/L) 
L-Valine (93 .6 mg!L) 
CaC}z (anhydrous) (200rng!L) 
Fe(N~k 9H20 (0.1 mg!L) 
KCI (400 mg!L) 
MgS04(anhydrous) (97.67 mg!L) 
NaCI (6400 mg/L) 
NaH2P04• HzO (125mg/L) 
D-Ca Pantothenate ( 4 mg!L) 
Choline Chloride (4 mg/L) 
Folic acid (4 mg!L) 
Myo-Inositol (7 mg/L) 
Niacinamide ( 4 mg!L) 
Pyridoxal HCI (4 mg/L) 
Rlboflabin (0.4 mg!L) 
Thiamine HCI ( 4 mg!L) 
Phenol Red (Sodium) (15.9 mg/L) 
Sodium Bicarbonate 
1% non -essential amino acid (x 100) 
Penicillin-G streptomycin mix 
Amphotericin B 
Fetal Bovine Serum 
13.7g/L 
3.7 giL 
10 m1 I L 
10 m1 /L 
6 ml/L 
IOOml/L 
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Appendix C. HPLC Analysis for Buttermilk Fractions 
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FIGURE C 1 HPLC analysis of standards for FM buttermilk. (a)Lactose 
standards (20 ~g/1 0 ml; 10 ~I injection), (b )Glucose standards (20 ~gil 0 ml; 10 ~I 
injection), (c)Galactose standards (20 ~g/10 ml; 10 ~1 injection). 
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FIGURE C 2 HPLC analysis of standards forMS buttermilk. (a)Lactose 
standards (20 ~gil 0 ml; 10 ~1 injection), (b )Glucose standards (20 ~gil 0 ml; 10 ~1 
injection), ( c )Galactose standards (20 ~g /10 ml; 10 ~I injection). 
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(a) (b) 
FIGURE C 3 Fresh buttermilk fraction and lactic acid. (a) Fresh buttermilk (100 
times dilution and 10 ~1 injection), (b) Lactic acid (20 l-!g/1 0 l-!1) 
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FIGURE C 4 Buttennilk fraction after bacterial fermentation (filtered buttermilk 
after protein out; 10 f.d injection) 
:10. 7S 
FIGURE C 5 Fermented buttermilk (5 times dilution) and lactose standard (20 
11g/10 111) (1: 1 mixture, 10 111 injection) 
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FIGURE C 6 Buttennilk sample after molecular sieving (1% buttermilk; 10 !J.l 
injection). 
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Appendix D . Raw Data of Proximate Analysis 
TABLED 1 
Proximate analysis of buttermilk .fraction1 
Moisture% 
3 x buttermilk 72.84 ± 0.06 
Non concentrated 
buttermilk 94.36 ± 0.01 
MS buttermilk 6.10 ± 0.35 
FM buttermilk 9.80 ± 0.43 
1Values are mean± SD, n=3 . 
Crude 
protein% 
4.10±0.17 
1.37 ± 0.03 
54.94 ± 0.49 
65.90 ± 0.99 
Fat% 
1.66 ± 0.00 
0.62 ± 0.01 
16.98 ± 0.87 
6.48 ± 0.35 
72 
Ash% 
2.31 ±0.14 19.09 
0.67 ± 0.11 2.98 
6.13 ± 1.09 15.85 
6.10 ± 0.82 11 .72 
2CHO =carbohydrate. % Carbohydrate value does not have standard deviation. 
%Carbohydeate was calculated as 100-(%moisture +%protein+ %fat+% ash). 
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Appendix E. Raw Data of Chemical Analysis 
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TABLEE 1 
Raw data of resorcinol assa/ 
ABS Concentration (Jlg/ml) 
3 x buttermilk2 1.2693 ± 0.04 4.4939 ± 0.12 
1 x buttermilk3 0.4704 ± 0.01 1.7424 ± 0.02 
MS buttermilk4 0.9895 ± 0.03 3.5304 ± 0.12 
FM buttermilk5 0.6002 ± 0.01 2.1898 ± 0.03 
1Values are mean± SD, n=3. 
2,33 x and non concentrated buttermilks are 1:10 dilution (v/v) . 
. . 
4
'
5Molecular sieved and fermented buttermilks are 1 : 100 dilution(w/v). 
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TABLEE2 
Descriptive statistics of resorcinol assay for t-test 
N Mean SD 
3 x buttermilk 3 16.54 0.45 
Non concentrated 
buttermilk 3 30.91 0.33 
Molecular sieved 3 36.92 2.37 
Fermented 3 24.28 0.32 
76 
TABLEE 3 
3 x buttermilk compared to other buttermilk fractions for sialic acid concentration 
Test value= 16.54 
0 o confidence interval 
Sig. Mean of the difference 
t df (2-tailed) Difference Lower Upper 
3 x buttermilk 0.00 2 1.000 -3.30E-05 -1.12 1.12 
Nonconcentrated 76.49 2 0.000 14.36 13.55 15.16 
buttermilk 
Molecular sieved 14.88 2 0.004 20.37 14.48 24.24 
Fermented 41 .76 2 0.001 7.73 6.93 8.53 
TABLEE4 
Non concentrated buttermilk compared to other buttermilk fractions for sialic acid 
concentration 
Test value= 30.91 
0 confidence interval 
Sig. Mean of the difference 
t df (2-tailed) Difference Lower Upper 
3 x buttermilk -55.05 2 0.00 -14.36 -15.48 -13.24 
Nonconcentrated 0.00 2 1.00 -3.33E-05 -0.81 0.81 
buttermilk 
Molecular sieved 4.39 2 0.048 6.02 0.12 11.91 
Fermented -35.78 2 0.001 -6.63 -7.42 -5.83 
77 
TABLEES 
Molecular sieved buttermilk compared to other buttermilk fractions for sialic acid 
concentration 
Test value= 36.92 
0 confidence interval 
Sig. Mean of the difference 
df (2-tailoo) Difference Lower Upper 
3 x buttennilk -78.12 2 0.000 -20.38 -21.49 -19.25 
Non concentrated -32.05 2 0.001 -6.02 -6.82 -5.21 
buttennilk 
Molecular sieved 0.00 2 1.000 -3.67E-05 -5.89 5.89 
Fennented 
-68.27 2 0.000 -12.64 -13.44 -11 .84 
78 
TABLEE6 
Fermented buttermilk compared to other buttermilk fractions for sialic acid 
concentration 
Test value = 24.28 
0 confidence interval 
Sig. Mean of the difference 
t df (2-tailed) Difference Lower Upper 
3 x buttermilk -29.64 2 0.001 -7.73 -8.85 -6.61 
Non concentrated 35.30 2 0.001 6.62 5.82 7.43 
buttermilk 
Molecular sieved 9.23 2 0.012 12.64 6.75 18.53 
Fermented 0.00 2 1.000 0.00 -0.80 0.80 
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Appendix F. ANOVA Table for Transport and Uptake Studies 
TABLEF 1 
Analysis of variance for 59 Fe transport study( A) by Caco-2 cell cultur/ 
Source of variation df ss MS F ratio p 
Replication (R)2 2 25.00 12.50 
Iron (I)3 1 24.19 24.19 51.18 0.0000 
Treatment (T)4 8 14.02 1.75 3.71 0.0005 
Hour (H)5 5 79.05 15.81 33.45 0.0000 
I X T6 8 11.96 1.49 3.16 0.0022 
IxH 5 2.43 0.49 1.03 0.4012 
TXH 40 2.46 0.06 0.13 1.0000 
Ix TxH 40 2.19 0.05 0.12 1.0000 
Experimental 196 92.56 0.47 
error 
Duplicate error 306 20.45 0.07 
Total 611 
1 
n=3 except Blank, ganglioside, and sphingomyelin was n=2 in iron repleted cells. 
2 Three replications 
3 Iron depleted and iron repleted 
4 Three level of MS and FM butte~ ganglioside, sphingomyelin, and blank. 
5 1-h periods. 
81 
6 Iron effect by treatment effect. Treatment effect was significant under two different 
iron conditions. 
82 
TABLEF2 
Analysis of variance for 59Fe uptake study(A) by Caco-2 cell cu/ture1 
Source of variation df ss MS F ratio p 
Iron Cil 1 5.44 5.44 0.05 0.8223 
Treatment (T/ 8 1762.55 220.32 2.08 0.0672 
I X T 8 233.34 29.17 0.27 0.9697 
Error 33 3500.32 106.07 
Replication 33 3500.32 106.07 
Error 51 1794.18 35.18 
1 n=3 
2 Iron depleted and iron repleted 
3 Three level ofMS and FM buttermilk, ganglioside, sphingomyelin, and blank 
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TABLE F3 
Analysis of variance for 59Fe transport study (B) by Caco-2 cell culture1 
Source of variation df ss MS F ratio p 
Iron (li 1 400.17 400.17 3.39 0.0718 
Milk (M) 1 182.42 182.42 1.54 0.2206 
Type (T) 1 1821.78 1821.78 15.43 0.0003 
Level (L) 2 1031.43 515.72 4.37 0.0180 
IxM 1 7.15 7.15 0.06 0.8075 
I x T 1 7.44 7.44 0.06 0.8075 
I x L 2 27.01 13 .50 0.11 0.8961 
M x T3 1 923 .39 923.39 7.82 0.0074 
MxL 2 135.84 67.92 0.58 0.5638 
T x L 2 1115.81 557.90 4.72 0.0134 
IxMxT 1 715 .04 715.04 6.06 0.1750 
IxMxL 2 49.97 24.99 0.21 0.8113 
IxTxL 2 109.55 54.77 0.46 0.6340 
MxTxL 2 433 .70 216.85 1.84 0.1698 
IxMxTxL 2 300.77 150.38 1.27 0.2901 
Error (a) 48 5667.82 118.08 
Hour (H)4 5 2525 .83 505.17 144.33 0.0000 
IxH 5 206.58 41.32 11.81 0.0000 
MxH 5 15.45 3.09 0.88 0.4951 
TxH 5 15.54 3.00 0.89 0.4884 
LxH 10 22.16 2.22 0.63 0.7875 
IxMxH 5 7.85 1.57 0.45 0.8131 
IxTxH 5 2.20 0.44 0.13 0.9854 
IxLxH 10 13 .08 1.31 0.37 0.8275 
MxTxH 5 7.47 1.49 0.43 0.9311 
MxLxH 10 19.53 1.95 0.56 0.8455 
TxLxH 10 45.41 4.54 1.30 0.2311 
IxMxTxH 5 11.52 2.30 0.66 0.6542 
lxMxLxH 10 26.09 2.61 0.75 0.6768 
IxTxLxH 10 16.56 1.66 0.47 0.9068 
MxTxLxH 10 26.37 2.64 0.75 0.6768 
Table continues 
Source of variation df 
I x MxTxLxH 10 
Error (b) 240 
TABLEF3 
Continued 
ss 
10.03 
839.34 
MS 
1.00 
3.50 
Duplicate error 
Total 
432 1487.10 3.44 
863 18,227.40 
1 n=3 
2 Iron depleted and iron repleted 
F ratio p 
0.29 0.9830 
3 M x T = three level of molecular sieved buttennilk, fermented buttermilk, 
ganglioside, and sphingomyelin. 
4 1-h periods 
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TABLEF4 
Analysis of variance for 59 Fe uptake study (B) by Caco-2 cell culture1 
Source of variation 
Iron (I? 
Milk (M) 
IxM 
Type (T) 
I X T 
M x T3 
IxMxT 
Error 
Level (L) 
I x L 
MxL 
TxL 
IxMxL 
IxTxL 
MxTxL 
IxMxTxL 
Error 
Rep 
Error 
1
n=3 
df 
1 
1 
1 
1 
1 
1 
1 
48 .12 
2 
2 
2 
2 
2 
2 
2 
2 
48.12 
48 
72 
2 Iron depleted and iron repleted 
SS MS 
28.20 28.20 
0.01 0.01 
0.06 0.06 
0.03 0.03 
0.19 0.19 
0.07 0.07 
0.14 0.14 
7.51 0.16 
0.27 0.14 
0.25 0.12 
0.49 0.25 
0.02 0.01 
0.25 0.12 
0.02 0.01 
0.20 0.10 
0.25 0.12 
7.51 0.16 
7.53 0.16 
2.10 0.03 
F ratio 
180.82 
0.07 
0.38 
0.22 
1.21 
0.47 
0.89 
0.87 
0.79 
1.60 
0.05 
0.80 
0.05 
0.63 
0.79 
5.38 
3 Three level ofMS and FM buttermilk, ganglioside, sphingomyelin. 
p 
<.0001 
0.7993 
0.5424 
0.6440 
0.2762 
0.4965 
0.3498 
0.4240 
0.4597 
0.2128 
0.9517 
0.4571 
0.9512 
0.5377 
0.4583 
<.0001 
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Appendix G. Raw Data of Transport and Uptake 
Studies by Caco-2 Cell Culture 
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g] 
TABLE G 1 
Raw data of 59 Fe transport study (A) by Caco-2 cell culture 
hour rep1 rep2 rep3 Average SE 
(pgFe/t!gDNA) (pgFe/t!gDNA) M 
Fe- MS1 % 1 2.0 3.8 5.8 3 8 1 . 1 
2 2.8 6.2 6.1 5.0 1.1 
3 3.0 8.6 6.1 5.9 1.6 
4 3.7 10.6 6.5 6 .9 2.0 
5 4.3 9.9 5.1 6 .4 1.7 
6 3.5 8.4 7.6 6.5 1. 5 
MS2% 1.3 5.0 6.0 4.1 1.4 
2 2.0 7.9 7.4 5.8 1. 9 
3 2.3 11 .9 6.8 7. 0 2.8 
4 2. 7 17. 0 8.5 9.4 4 .2 
5 3.3 18.4 7.8 9.8 4.5 
6 4.1 20 .4 9.6 11 .4 4.8 
1 1.0 2.3 2.8 2.0 0.6 
MS3% 2 1.4 4.4 3.1 2.9 0.9 
3 2.0 6.2 3.3 3.8 1.2 
4 2.4 7.5 4.2 4 7 1.5 
5 2.7 8.0 4.3 5.0 1.6 
6 3.1 9.3 8.3 6.9 1 9 
FM 1% 1 4.2 3.9 2.6 3 6 0 5 
2 6 .0 5.8 3.2 5.0 0.9 
3 7. 6 7.0 4 .0 6.2 1. 1 
4 1 0. 1 6.9 4.7 7.2 1.6 
5 12.1 8.9 5.2 8.7 2.0 
6 11 .9 10.0 5.7 9.2 1.8 
FM 2% 1 3.3 3.6 1. 7 2.9 0.6 
2 3.0 4.1 2.1 3.0 0.6 
3 5.1 6.0 2.5 4.5 1.0 
4 7.0 6.9 3.0 5.6 1.3 
5 8.0 8.5 3.6 6.7 1. 5 
6 10.2 5.6 4.1 6.6 1.8 
FM 3% 1 2.8 2.8 1.6 2.4 0 4 
2 4.2 5.8 2.0 4.0 1 . 1 
3 4.7 7.0 2.2 4.6 1 4 
4 6.5 7.8 2.8 5.7 1. 5 
5 7.4 8.9 3.4 6.5 1.6 
6 8.9 9.5 3.8 7.4 1 8 
Table continues 
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TABLEGl 
Continued 
hour rep1 rep2 rep3 Average SEM 
(pgFe/~DNA) (pgFe/~DNA) 
BLANK 1 1.4 2.8 1.2 1.8 0.5 
2 4.4 3.4 1.4 3.1 0.9 
3 4.7 5.3 1.6 3.9 1.2 
4 6.6 6.3 2.0 5.0 1.5 
5 9.6 7.4 2.2 6.4 2.2 
6 13.6 9.8 2.8 8.7 3.2 
GS 1 1.8 8.3 0.9 3.6 2.3 
2 2.5 6.4 1.5 3.4 1.5 
3 3.7 8.9 1.5 4.7 2.2 
4 4.4 8.1 1.9 4.8 1.8 
5 6.8 10.1 2.4 6.4 2.2 
6 7.6 8.1 2.7 6.1 1.7 
SM 1 1.1 4.2 1.5 2.3 1.0 
2 1.8 3.3 2.1 2.4 0.5 
3 2.5 4.5 1.8 2.9 0.8 
4 3.6 5.3 2.6 3.8 0.8 
5 4.6 5.9 3.0 4.5 0.8 
6 5.7 5.8 3.2 4.9 0.8 
Fe+ ms1% 1 0.8 1.7 1.5 1.3 0.3 
2 1.5 1.6 2.3 1.8 0.2 
3 2.0 2.5 2.7 2.4 0.2 
4 2.9 2.7 3.6 3.1 0.3 
5 2.9 2.7 4.2 3.3 0.5 
6 4.0 4.6 4.8 4.4 0.3 
MS2% 1 0.9 1.5 1.5 1.5 0.0 
2 1.4 1.8 3.7 2.7 0.8 
3 1.9 2.5 3.2 2.9 0.3 
4 2.2 2.7 3.8 3.3 0.4 
5 3.1 2.6 4.5 3.5 0.8 
6 4.0 4.4 4.3 4.3 0.0 
MS3% 1 1.1 1.3 1.8 1.4 0.2 
2 1.5 1.8 2.5 1.9 0.3 
3 1.9 2.3 2.7 2.3 0.2 
4 2.5 2.3 3.9 2.9 0.5 
5 3.2 2.4 5.1 3.6 0.8 
6 3.4 4.1 5.0 4.1 0.5 
Table continues 
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TABLEGl 
Continued 
hour rep1 rep2 rep3 AucN:~no SEM ... -·~::,-
{pgFe/~DNA) (pgFe/~DNA) 
FM 1% 1 2.3 1.6 1.2 1.7 0.3 
2 2.0 3.5 1.9 2.4 0.5 
3 5.8 4.3 2.8 4.3 0.9 
4 6.7 4.5 3.1 4.7 1.0 
5 7.4 5.2 3.0 5.2 1.3 
6 9.3 7.1 3.6 6.6 1.7 
FM2% 1 2.1 3.9 1.3 2.4 0.8 
2 1.6 3.7 1.7 2.3 0.7 
3 4.8 5.1 1.5 3.8 1.2 
4 6.1 6.4 2.7 5.1 1.2 
5 7.2 7.3 2.4 5.6 1.6 
6 8.4 9.5 3.1 7.0 2.0 
FM3% 1 1.3 1.7 0.9 1.3 0.2 
2 1.8 2.2 1.2 1.7 0.3 
3 2.2 3.1 1.2 2.2 0.6 
4 3.0 3.2 1.9 2.7 0.4 
5 3.8 3.9 1.9 3.2 0.7 
6 4.0 5.5 2.5 4.0 0.9 
BLANK 1 0.65 1.3 1.0 0.3 
2 1.5 1.7 1.6 0.1 
3 2.3 2.55 2.4 0.1 
4 2.7 2.8 2.8 0.0 
5 3.1 3.6 3.4 0.3 
6 4 2.75 3.4 0.6 
GS 1 4.3 1.2 2.7 1.6 
2 6.9 1.7 4.3 2.6 
3 9.7 2.7 6.2 3.5 
4 10.9 2.8 6.8 4.1 
5 12.3 3.6 7.9 4.4 
6 6.4 4.6 5.5 0.9 
SM 1 1.5 1.2 1.3 0.2 
2 2.9 2.7 2.8 0.1 
3 4.2 4.1 4.2 0.0 
4 4.6 4.5 4.5 0.0 
5 5.6 4.2 4.9 0.7 
6 6.6 6.3 6.4 0.1 
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TABLEG2 
Raw data of59Fe transport study (B) by Caco-2 cell culture 
hour rep1 rep2 rep3 Average SEM 
(pgFe/llQDNA) (pgFe/llQDNA) 
Fe- MSO% 1 14.1 16.0 12.7 14.2 1.0 
2 18.6 15.8 19.1 17.8 1.0 
3 18.4 16.9 19.7 18.3 0.8 
4 18.4 17.6 21.0 19.0 1.0 
5 19.3 19.4 21.8 20.1 0.8 
6 20.2 21.4 19.5 20.3 0.6 
MS 0.5% 1 12.1 13.0 9.3 11.4 1.1 
2 18.6 16.2 14.6 16.4 1.1 
3 18.7 17.4 16.2 17.4 0.7 
4 19.2 16.4 16.7 17.4 0.9 
5 20.1 18.7 16.5 18.4 1.0 
6 21.5 19.8 18.2 19.8 1.0 
MS1% 1 8.3 15.3 9.1 10.9 2.2 
2 11.2 17.5 13.9 14.2 1.8 
3 12.3 18.0 12.1 14.1 2.0 
4 12.6 18.8 13.6 15.0 1.9 
5 14.2 20.6 13.7 16.2 2.2 
6 14.4 16.5 14.8 15.2 0.6 
FMO% 1 22 19.4 12.3 14.1 6.6 
2 24.4 20.6 19.0 15.6 6.9 
3 24.7 20.7 19.5 16.1 6.7 
4 25.1 20.4 19.2 16.5 6.4 
5 24.6 21 .6 13.8 17.1 6.1 
6 25.2 21 .9 18.2 17.7 5.9 
FM 0.5% 1 6.6 11.9 6.9 6.5 3.1 
2 7.1 14.4 9.7 7.8 3.6 
3 9.8 9.6 10.2 7.5 2.2 
4 10.4 15.1 12.3 9.8 3.2 
5 11.2 16.7 12.9 11.0 3.4 
6 13.1 16.4 13.4 11.8 3.1 
FM 1% 1 9.5 12.4 7.2 7.6 3.4 
2 6.0 13.9 9.2 7.3 3.5 
Table continues 
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TABLEG2 
Continued 
hour rep1 rep2 rep3 Average SEM 
(pgFe/llQDNA) (pgFe/).LQDNA) 
3 7.1 16.1 9.0 8.7 3.9 
4 8.0 16.7 10.8 9.6 3.7 
5 11.1 19.4 11 .3 11.8 4.2 
6 11 .0 20.4 11 .5 12.5 4.2 
GS 3mg/ml 1 16.2 9.6 11.9 12.6 1.9 
2 20.1 13.0 22.4 18.5 2.8 
3 21 .8 11 .9 21 .0 18.2 3.2 
4 22.4 12.8 22.0 19.1 3.1 
5 22.9 13.0 22.2 19.4 3.2 
6 22.1 13.1 22.4 19.2 3.0 
GS 1.5 1 19.2 14.5 13.0 15.6 1.9 
2 21 .1 13.8 20.6 18.5 2.4 
3 21 .6 16.9 20.3 19.6 1.4 
4 23.4 17.5 20.4 20.4 1.7 
5 22.8 28.7 21 .3 24.2 2.3 
6 23.5 17.8 21.5 20.9 1.7 
GS 0.5 1 29.8 14.2 12.7 18.9 5.5 
2 24.7 17.1 24.0 21 .9 2.4 
3 27.1 16.3 24.6 22.6 3.3 
4 28.3 12.7 24.3 21.8 4.7 
5 28.6 18.2 25.4 24.0 3.1 
6 28.1 18.1 26.5 24.2 3.1 
SM 3mg/ml 1 23.4 13.6 10.4 15.8 3.9 
2 24.9 17.1 16.2 19.4 2.8 
3 25.Q 16.8 17.7 19.8 2.6 
4 25.3 17.0 17.1 19.8 2.8 
5 25.3 19.2 17.5 20.7 2.4 
6 25.6 20.7 17.2 21.2 2.4 
SM1 .5 1 22.3 18.5 9.6 16.8 3.8 
2 24.4 19.7 16.0 20.0 2.4 
3 22.6 20.8 16.7 20.0 1.7 
4 23.6 21 .7 16.5 20.6 2.1 
5 24.3 23.0 14.6 20.6 3.1 
6 24.8 22.4 16.1 21.1 2.6 
SM0.5 1 17.5 20.4 5.5 14.4 4.5 
2 18.6 21 .9 9.5 16.6 3.7 
3 20.9 22.1 7.1 16.7 4.8 
4 18.9 22.3 9.2 16.8 3.9 
Table continues 
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TABLEG2 
Continued 
hour rep1 rep2 rep3 Average SEM 
(pgFe/~DNA) (pgFe/~gDNA) 
5 19.8 23.7 9.3 17.6 4.3 
6 20.6 22.9 9.2 17.5 4.2 
Fe+ MSO% 1 17.7 18.5 19.5 18.1 0.3 
2 20.8 14.6 23.4 12.4 5.5 
3 22.4 16.5 32.0 13.9 5.7 
4 25.3 17.5 32.4 15.6 6.2 
5 27.2 19.3 28.5 17.1 6.5 
6 27.8 19.3 34.2 17.7 6.3 
MS 0.5% 1 19.1 15.7 15.4 11.9 5.5 
2 21.5 19.6 18.1 14.4 6.2 
3 22.7 21.0 25.4 15.6 6.3 
4 21 .7 22.1 26.4 15.9 6.0 
5 24.7 29.2 24.5 19.6 7.4 
6 26.5 28.0 26.8 20.2 7.1 
MS1% 1 8.1 7.5 12.4 5.5 2.3 
2 13.0 9.5 15.4 8.2 3.2 
3 13.8 10.2 22.7 9.0 3.2 
4 10.6 10.4 23.2 8.3 2.2 
5 17.6 12.3 24.3 11 .6 3.7 
6 19.2 14.1 24.6 13.1 3.8 
FMO% 1 14.7 16.6 11.7 10.8 4.9 
2 18.3 16.6 14.7 12.3 5.2 
3 19.3 20.7 15.0 14.3 5.7 
4 20.9 19.8 21.1 14.9 5.4 
5 21.6 21.4 . 20.0 16.0 5.5 
6 23.3 21 .6 21.4 17.0 5.5 
FM 0.5% 1 9.6 6.9 5.0 5.8 2.5 
2 12.8 10.5 7.2 8.4 3.3 
3 12.9 12.7 10.4 9.5 3.3 
4 14.5 13.0 12.6 10.5 3.3 
5 15.3 15.5 13.4 11.9 3.5 
6 17.4 13.5 16.5 12.3 3.3 
FM 1% 1 6.4 7.6 6.2 5.0 2.0 
2 8.7 11.4 6.0 7.4 2.8 
3 10.7 12.9 10.6 8.8 3.0 
4 11.9 13.8 11.0 9.9 3.0 
Table continues 
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TABLEG2 
Continued 
hour rep1 rep2 rep3 Average SEM 
(pgFe/JJ.gDNA) (pgFe/fJ.QDNA) 
5 13.3 15.5 12.3 11 .2 3.2 
6 14.7 14.1 13.6 11.6 2.8 
GS 3mg/ml 1 21.0 14.4 7.2 12.1 5.9 
2 24.6 17.1 13.8 14.6 6.6 
3 25.7 18.7 17.1 15.8 6.7 
4 27.5 19.3 19.4 16.9 6.9 
5 27.5 22.7 19.0 18.4 6.8 
6 28.1 22.2 20.9 18.8 6.6 
GS 1.5 1 17.9 19.8 9.0 12.9 6.0 
2 20.4 17.1 15.6 13.2 5.7 
3 21.8 17.6 16.5 14.1 5.7 
4 22.7 19.9 19.0 15.5 5.8 
5 23.8 21.9 17.7 16.9 6.0 
6 25.9 21.2 18.6 17.7 6.0 
GS0.5 1 19.5 13.4 7.2 11 .3 5.4 
2 21.3 15.0 13.7 12.7 5.7 
3 22.7 15.8 15.0 13.8 5.8 
4 25.1 12.7 15.7 13.9 6.1 
5 27.0 19.0 16.2 17.0 6.4 
6 28.7 19.8 16.5 18.1 6.6 
SM 3mg/ml 1 25.5 16.5 13.7 14.3 7.1 
2 19.6 20.4 18.7 14.0 6.0 
3 26.2 22.0 21 .5 17.1 7.1 
4 30.1 22.3 23.5 18.8 7.7 
5 32.2 22.9 20.6 20.0 8.0 
6 34.9 24.4 23.3 21 .8 8.4 
SM1 .5 1 20.6 13.0 16.5 11 .5 5.7 
2 27.4 16.3 24.8 15.2 7.3 
3 29.0 18.3 27.3 16.8 7.5 
4 29.6 18.4 27.6 17.3 7.4 
5 27.0 20.2 28.2 17.4 6.5 
6 26.8 20.7 30.1 17.8 6.2 
SM 0.5 1 27.4 13.9 16.9 14.1 7.6 
2 28.4 13.9 20.9 14.8 7.6 
3 30.5 15.6 25.4 16.4 7.9 
4 30.1 17.5 24.4 17.2 7.5 
5 33.3 19.0 26.1 19.1 8.2 
6 36.3 19.7 24.7 20.6 8.7 
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TABLEG3 
Raw data of59Fe uptake study (A) by Caco-2 cell culture 
hour rep1 rep2 rep3 Average SEM 
(pgFe/!!gDNA) (pgFe/!!gDNA) 
Fe-
1%ms 5.8 6.6 11 .9 16.4 8.9 6.6 9.4 1.7 
2%ms 5.1 4.6 28.5 24.8 10.1 10.1 13.9 4.2 
3%ms 2.6 2.4 15.5 21 .3 4.1 7.7 9.0 3.2 
1%fm 8.1 7.0 10.8 8.1 9.6 11.9 9.2 0.8 
2%fm 7.0 7.4 6.9 12.9 6.6 10.6 8.6 1.1 
3%fm 5.5 5.0 6.3 4.9 7.4 7.9 6.2 0.5 
Blank 10.5 13.8 16.7 11 .7 9.0 7.6 11 .5 1.4 
Gs 12.1 15.3 14.1 19.3 13.0 18.7 15.4 1.2 
Sm 16.5 23.7 8.0 12.3 8.5 21.6 15.1 2.7 
Fe+ 
1%ms 9.1 10.7 15.6 6.8 12.4 8.3 10.5 1.3 
2%ms 11 .3 8.7 14.0 10.3 17.4 7.4 11 .5 1.5 
3%ms 7.8 12.1 7.0 8.5 11 .7 17.7 10.8 1.6 
1%fm 21.0 13.3 8.4 9.6 8.1 1.0 10.2 2 .7 
2%fm 8.7 9.3 8.9 6.4 4.6 4.0 7.0 0.9 
3%fm 8.2 7.2 3.8 5.7 3.8 6.7 5.9 0.7 
blank 17.3 0.1 7.2 9.8 8.6 3.5 
gs 17.3 42.4 8.8 7.5 19.0 8.1 
sm 16.5 13.3 8.5 8.0 11 .6 2.0 
95 
TABLEG4 
Raw data of 59 Fe uptake study (B) by Caco-2 cell culture 
hour rep1 rep2 rep3 Average SEM 
(pgFe/J.LQDNA) (pgFe/J..LgDNA) 
MSO% 6.2 3.9 6.9 
6 3.5 4.8 5.2 0.8 
MS0.5% 5.2 3.1 5.1 
5.2 3.8 5.2 4.6 0.6 
MS1% 4 3.2 3.9 
4.7 3.2 3.9 3.8 0.3 
FMO% 6.7 3.1 4.1 
5.8 3.1 4.1 4.5 0.9 
FM 0.5% 3.9 3.6 4.1 
3.2 2.2 6.6 3.9 0.7 
FM1% 7 4.4 4.3 
2.8 5.3 5.1 4.8 0.1 
GS3 3.7 3.5 3.4 
4.5 3.5 3.4 3.7 0.2 
GS1 .5 3.8 2.4 3.6 
3.5 3.2 4.2 3.5 0.3 
GS0.5 6 4.8 8 
4.8 4.8 6.6 5.9 0.8 
SM3 5.2 3.8 6.3 
5.4 4 3.8 4.8 0.4 
SM1.5 4.5 3.2 6.8 
5.3 3.2 8.9 5.4 1.3 
SM0.5 5.8 3.9 4.9 
5 3.5 4.7 4.6 0.5 
Fe+ MSO% 1.9 1.3 2 
2 1.8 2.7 2.0 0.2 
MS0.5% 1.8 2 1.9 
1.7 1.3 1.5 1.7 0.1 
MS1% 3 3.2 3.1 
2.4 2.1 2.2 2.3 0.5 
FMO% 2 1.5 2.5 
2.1 1.5 1.8 1.9 0.2 
Table continues 
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TABLEG4 
Continued 
hour rep1 rep2 rep3 Average SEM 
(pgFe/J.!QDNA) (pgFe/J.LQDNA) 
FM 0.5% 2.3 1.4 2.1 
2.8 1.5 1.8 2.0 0.3 
FM 1% 3.1 1 2.4 
2 1.6 2 2.0 0.4 
GS3 1.5 1.2 2.8 
1.5 1.6 2.3 1.8 0.4 
GS1 .5 1.5 1.4 1.8 
1.4 1.3 2.9 1.7 0.3 
GS0.5 1.7 1.5 2.9 
1.7 1.1 3.2 2.0 0.5 
SM3 2.1 1.3 2.3 
1.6 1.1 2.6 1.8 0.4 
SM1.5 2.2 1.6 1.6 
1.7 1.4 1.6 1.7 0.1 
SM0.5 2 1 2.2 
1.8 1.2 1.5 1.6 0.2 
